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Original Communications 


TUL l.ri-ECT OF prloperative c^TREPTOMYCIN on the 
IN flDENTL of BRONCIIOPLEURAE FISTULA AFTER PULMONARY 
rXCISION FOR TUBERCULOSIS 

W \ii\ (.omnjN MB.BCh ( 5 Yi-re), FRCS (Edin), PROS (En'G ) 

Lo\t)o\, Englwd 

’"Tin. 'iim 01 tins communication is to show that after pulmonan excision for 
i tiiiKrfiilosis, tulicrciilou-s lesions remaining m the bronchial stump contnbute 
to tlic <]c%ctopmcnt of Iironchopleural fistula and that streptomvcin, bv con- 
itThing tilts infection before operation, reduces the incidence of this formidable 
po'-topentue complication 

In order to assess the inrtuence of bronchial disease on the complications 
o oiuncr (itilmoiian excision, it is noecssara to eliminate other factors which 
nm a icct (hr incidence of these comphoalions Because thorocoplasti, phrenic 
, pn''«mni'ernoneum ma\ help to present bronchoplcnral fistula, 

tiasMn.K residual tuberculosis, no patient was included in 

-rafnr imljm, ripcralioiis performed before, at the time of 

’ !s „ c.--scntialh similar operatise tech- 

bni 11 mils streptomvcin before operation 

"n. rr-n vtn', '' four weeks after the excision. 

' -t ihi., uu.ZTu^ Z ^non da.L All patients were obsened for at 
operation the axenmo period of obscrxation uas nine 

•’n'l ■luis,,,n\!‘^'l.’i,',aK,ro "’"'^''rations ind the site of bron- 

' !'■' Wit', tl . p ,t 
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It vac found that there was no 
p 'r* oi l',o hZr complications did 

-PTt m , .;"\7V Jf''' I after excision of 

-Mnrv.,.... , n^rlohe fi.tula cmpxcma andsprcadofdisc-.cn 
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(,OI:DO^ EiircT or '^tefitomicin on bronchoplelkvl fistula 


, 1 „ -lump, Icfl m llic puticits I- t™ patient, tvlio Imd upper lobee- 

mmies no nuleme ot tubiieiilo-is um. found m tbc diuded lirouchl ot the 
ttp^'rUiuo specimens Both patunts de^clopo<i bionchoplcural fistulas after 
operation After completion plcuiopncumonectom\ in one and at neelops^ m 
ihc other tnhen tilons lesions t\oic fotuid in the bronchi at the site ot the fistulas 
Tnbcuulons infection of the bionehial stump might cause the disease to 
sjircid to lesidud lung tissue or the plciual cants It is likels also to interteie 
with Iiealing of the ditided bionchus and lead to the desclopnient of a bron- 
(Imiihui il fisUih Tims it stems icasonablc to suppose that the reduced m- 
I nhncf 01 fistiili slioiui in Table II was due to suppression ol bionchial infection 


ti\ tin preopeiaticc sircptomiciu Furthomioie Table shows that the 
m< uh nr, ot fi-tula is nillueiued In the duration of strcptomccin tieatmeut befoie 
op 1 itioii In the iiroup oi twontc-cight patients who did not reecuo the benefit 
of Mri jiloiin(Ill "11(11 in the immediate preoperatue period one-half deieloped 
lisliihi. IMicii stre plomicin was gnen to fort\-fi\c jntients foi three weelrs oi 
hb^ In ton ojiLrilion the nuidcme of fistula was i-educed to one-fourth, of 
diirti (oin imioiUs ni whom slicptomieni treatnumt was maintained for more 
111 111 time weeks (iiih two dcicloped fistulas 
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Tub n iiloiis li-sions in icn common in luonchial stumps and piohabh are 
11 iiiijiottmt tutor in the dciclopmcnt of hiomhoplcural fistula This mow 
I' Mippnrtnl In the fimlm-a (hat preoperatue sticptonncin treatment reduced 
ih mini, im „i ftsuihi atter cmimou ol the Imi" oi nil or part oi the iippei 
‘ Bint the piticnt inn not he protected adcciuateh In 

mV,'"'-''' ■' operation and it is adiocatcd that 
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DISCUSSION 

The etiology of both leiomyoma and carcmoma of the esophagns is largely 
unknown The smooth muscle tumors are assumed to be congenital m origm, 
and some previously reported cases support this view For example, Bose’s 
case, where multiple leiomyomas occurred in the esophagus and stomach, could 
be interpreted as illustrating an anomaly confined to the piimitive foregut In 



the myometrium, leiomyomas are common, and they can be produced experi¬ 
mentally by the use of estrogen Ehythmical hormonal variation m concentra¬ 
tion IS beliei ed to be the cause of the condition in human bemgs also, but there 
IS no evidence to suggest that the esophagus is subjected to such humoral 
influences Two of the factors thought to be predisposing causes m the patho 
genesis of carcmoma of the esophagus, discussed by Wu and Loucks,’ are 
illustrated m this case, namely (1) a long period of consumption of hot bqmds 
and foods and (2) a family history of cancer 

The duration of symptoms before the patient presented himself is one year 
This IS longer than the average m reported series of cases of carcmoma of the 
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the leiomyoma ivas 0 58 cm The average ividth of the esophageal wall m these 
sections is 0 9 cm, so that at that level nearly 60 per cent of the thickness of 
the waU was due to the tumor As sections from different parts of the block 
show the simple tumor to extend at least some distance around the circumference 
of the esophagus, encroachment on the lumen must have been piesent The 
nan owing so produced was further accentuated by the superunposition of a 
caremoma here Fig 2 shows these pomts cleailj’^ In the barium swallow 
(Pig 1), below the narrowed area, is a rounded shadow on the nght, 1 25 cm 
long, which could be a mucosal projection due to the undeiljnng leiomyoma 
Such an appearance is not charactenstic of a mahgnant obstruction It is 
recognized that pomts of constriction m the esophagus aie more frequently the 
sites of caremoma than are the mtervening areas, accordmg to Aird,^ and it 
could, therefore, be argued that by accenuatmg this anatomical feature m a 
subject predisposed to caremoma for other reasons, the simple tumor m- 
directly aided the development of the mahgnant one 

Previous investigators, mcludmg Kose,® held the opinion that solitarj 
mvomas are mcidental findmgs and do not produce symptoms unless they are at 
least seieral centimeters m size Yet, if a sohtarj' tumor began to mcrease m 
size, it could pioduee the sequence of events described In this mstance, there 
is no evidence either way to form a firm opimon about the behavior of the myoma 
On chnical grounds, the total length of symptoms is a feature suggestmg that 
the leiomyoma was at first responsible for his symptoms, perhaps through 
recent growth m a concentric direction 

SUMilARY 

1 A case of the simultaneous occurrence of squamous caremoma and ad¬ 
jacent leiomyoma of the esophagus is described 

2 The relationship between the chmcal picture and the pathology found is 
discussed 

Tlus case was under the care of Mr Donald Barlow, MS, PEGS, to whom I am 
indebted for permission to pnbbsh it 

Dr K tv F Hinson did the pathological examinations and reported on the specimen 
Ml tlianks are also due to Mr J M. Webster for the photomicrographs 
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CHYLOTHORAX FOLLOWING A BLOW TO THE ABDOMEN 
Chari^ Barox, 3LD , AXD Marc Rearpox MD 

COVXXGTOX, Kt 

\ CCOBDYSG \o Zesas‘ tLe first descnptioa of a case of traumatic chvlothorax 
A ^vas mafie br Bartoiet m lb33 In 1946, Lampsou= demonstrated that the 
condition could he cared hr hgation of the thoracic duct in the lovier chest In 
193S, Shackelford and FisheF' reported forO'-one cases of traumatic chrlothotas 
found m the literature, -while Lampson found eighteen additional cases Bald¬ 
ridge and Levas^ divided the cases into the foUovring categones Cases due to 
operative trauma -were not included m Shackelford s senes 
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It IS interesting to note that Shackelford and Fisher stated in 193S that 
“surgical Jigafion of the duct is phi siologicaJh* compatible with life, but cbm- 
call! impractical at present ’ Since Peet and Campbell’ reported the first suc¬ 
cessful ligation of tile thoracic duct and Lampson reported the second successful 
ligation, a number Iiaie been done including oni presented case uhich shoired 
tint ligation is clinioalh practical 

Traiimatir clnlotViori\ in children seems to occur rather frequcntlv Janet, 
Boegner and Laipiernerc'" quote Ivirehncr, who reported the case of a child 
of q \cars of age uho was puslicd against a window bar bv another child and 
fifteen dass later dei eloped a clnlothorav Tlicv also quote a case reported hi 
Muttcrnnleh of a 5 month-old infant who was dropped out of bed bv its mother 
and in tailing knocked against its cradle It was npparentlv normal for two 
to t ircc uciks and was then found to hate a clnlothorav Sakula ' lu 1949, 
St that ch\lothora\ in infinci is an avtrenieh rare condition and a search 
oi the literitiirc nnnlcd thirteen cases under the age of 1 tear five of which 
ocfiirrei in the first four uccLs of life ‘Sakula added another case in an neonate 
Incarh tnf inc%, tismlU desicnated as spontaneous after this age praeticalh all 
cos^t rh\lot1iorn\ are associated -with injun 
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The patient was seen in the ofiSce on Dec, 11, 1953 He was feeling welL Weight was 
58% pounds Fluoroseopicallv, the entire nght lung was fully expanded The only 
abnormality seen was a thickening in the nght lower area which somewhat obbterated the 
gutter 


CONCLUSION 

Successful ligation of a ruptured tlioracic duct was earned out with eom- 
plete cure in a boy, aged 7 years, who was struck m the abdomen by a blow of 
a fist A search of the literature failed to reveal another eireumstance as this 
as the etiological factor With the numerous opportunities for this type of 
trauma, especially in boNing, it is strongly suggested that a contraeoup blow may 
have ruptured the thoracie duct at a congenitalh weak or defeqtive area 
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iETRAL COilMISSUIlOTOMY THROUGH THE RIGHT 
THORACIC APPROACH 

Technique and Indications 

AVilford B Yeptunt;, ALD ,* Boston, Mass, and Charles P Bailey, MD, 

Phil-adelphii, Pa 

TOURING the pertormance of surgeiy on the mitral rahe m over 1,500 pa- 
tients with iheumatic lahmlai heart disease,^ seieial instances weie en¬ 
countered m which it mould haie been a distinct advantage to approach tlie 
mitral lahe through the right henuthoiav This lepoit is a description of a 
suitable technique and the indications foi snch an approach 


technique 

A right thoracotomy is pei formed using eithei the posteiolateial oi an- 
teiioi approach thiough the fourth mteicostal space Aftei suitable CNposure 
the pciicaidium is opened antenoi to the phienic neire The mitial com- 
missiirotoiin is earned out thiough the left atiial wall as foUoms 

The superior leiia car a is further mobilized hr dissection posteiioilv in 
t c gi-oore hetrrecn the carae and the left atiial chambei (sulcus teinunabs) 
After dissection, the most lateral portion of the left atiimu is evposed Two 
parallel rows of star sutures aie placed in this poition of the left atiial wall 
An encircling pursc-stnng sutuie cucumsciihes this entiie aiea (Fig 1) 

1 ft sutures for hemostasis, a stab w ound is made through the 

ntria nnll, and the operatoi's ■lmglo^ed left index finger tip as inserted for 
itiitr^i'*^*^*' atiial chamber and the mitial ralre It possible, the 

a coininissiirotomr is then earned out hr fingei piessuie, but if neces- 

position altliough technically 
igc approacir(rig”o)*^ shfficult than thiough the usual left aunculai append- 

distincilr\hfT(m,rr'^'' relationship to the long avis of the nutral orifice is 

'P oricntntion is cssciilia! Iictoro attempting to open the 

” ill IS '^tippro^m! iic,r(|,i’'X'’*T'i " "I’M'ii'g in the atrial 

Mtlimsl ami .s then r<p„„h a e 7""''" "" 

« silK „ eottoii siietlgeil on 

.n'VlieLnlTnei's.’!;'''" « com. 

'" mSfeSrK "“'“""""n ''«■•»> c.,. 

•Ir. elnin, . 


Ma-o 
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INDICATIONS 

I Associated Valvular Lesions —^Among the patients ivith mitral stenosis, 
several have been encountered with an associated trieupid stenosis While it 
IS true that the right atnum can be exploied through the left hemithoiax (dm 
ing performance of the mitral commissurotomy), the pioeedure is difBcult, 
and, if the tncuspid valve is leathery and resists finger pressure, as is the usual 
case, It IS almost impossible to perfoim the tricuspid commissurotomy safely 
with an instrument (Although in a good many instances the mitral valve can 
be spbt by finger pressure alone, especially if calcified, the tricuspid valve 
raiely is calcified and m oui experience, so far, has required cutting with an 
instiument in every instance ) 




Fig 1 Fig 2 

Fig 1—of the right •wall of the left atrium after dissection and placement of 
control sutures preparator> to exploration of the mitral \al\e. 

Fig 2 —View showing mitral commlssurotom> being performed through the right lateral 
wall of the left atrium 

Before the piesent light thoracic appioach was used, patients mth mitral 
and tricuspid stenosis ivere first treated by mitral commissurotomy through 
the usual left thoracic mcision Then, at a latei date, tncuspid commissurot¬ 
omy was performed through the nght thoracic approach ^ This not only re¬ 
quired two operations, both of which were perfoimed on a very dl patient, but 
also necessitated bilateial thoracotomy At the present time we are perform¬ 
ing both operations simultaneously on such patients thiough an incision m 
the right hemithorax The tncuspid commissurotomy is done through the 
nght auricular appendage (Pig 3), and then the mitral commissurotomy is 
performed by the method descnbed. 



^-EPTU^’E 


17 


\>-D B\ILE\ iOTRAL COAnilSSUROTOilV 

n Assomtcd Pnhnonanj Pathology-hi the past have encoimtered 
ce^eral patients mth associated pulmonan pathologr of vanous tvpes bev- 
ml patients mtli bronchiectasis, localized to the left side, have had combined 
mitral commissurotomv and pnlmonai-v resection Although have perfoimed 
mitral surgen on patients vith bionchiectasis localized to the light side, they 
ha\e caused us the expected postoperatne trouble due to increased secretions 
in spite of intensive medical management 



Fip 3 -—Technique of tricuspid commi'^surotom’v 


In the future (uhen surgical tieatmeut is deemed necessan) in patients 
needing mitral lahuilar surgerv and has mg bronchiectasis localized to the 
right side the approach through the right henuthoiax ivill be used If both 
procedure', arc performed, the patient not onlv should escape a second opera 
turn hut also should ha\c an easici postoperatne course 

beienth wq had a patient with mitral stenosis and an obscure shadow in 
t le rigid lung All preliminarv studies were negatne with regaid to the pul- 
nionare ]>atholog\, and since the mitral stenosis was not prodiiemg marked 
simptonis at the time, the right chest was explored first and an mfarcted right 
mu c 0 e w is found This lobe was resected, and postoperatnelv the pa¬ 
in nt lac an oMrcuion troublesome course due to cardiac complications The 
la lent ina \ recoiercd and returned three months later foi an uneventful 
mitril cnmniissurotonn 

ttnh the present ippnuch \ e haae operated on an eldeily, extremelv ill 
pi Hilt win a soiiicwhat similar roentgenographic lesion in the ncht lung 
iis patient prened to haac a bronchiogonic carcinoma, in the nght upper 
obe although quite ill irom a cardudogie aiea point he withstood, quite well 
nnil aneous mitral eomniissurotonn and resection of the right upper lobe 
-etlur with a block resection oi the chest wall (Case 1) 
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III Associated Cardiac Anomalies —Patients with Lutcmbnchei’s syn- 
diome aie ideal for sueh an appioach It is an easy innttci to explore the 
mitral valve thiough the inteiatiial septal defeet, and aftei coinmissui otoinj"^ 
the defeet is repaiied by the teehnique of atiio septo pexy which has pienonslj 
been lecoided (Fig 4) ^ * 




FIb 


4—X, 


A B 

Mitral commlsBurotomj being performed through the Interatrial septal defect 
B, Closure of the septal defect by the technique of ntrio septo pexy 


CASF REPORTS 

Case 1—H S (H H 90008), a 55 j oar old vhito man, ontorod Hahnemann Hospital 
on Aug 20, 1953, complaining of three pillon orthopnea of throe months’ duration, follow 
ing, supposodlj, a right pulmonary infarction 

Rheumatic fever had been diagnosed nt the ago of 13 jears, and cardiac inBuflicioncj 
had occurred throe jears before admission, the chief complaint had boon djspnoa on oxer 
tion This vas fairlj veil controUod with digitalis One joar before admission ho had 
sufTorod a loft cerebral embolization with a repetition six months later on the right Func 
tional recovorj from both had lieen excellent 

Physical examination roioalod an orthopnoic man i\ith a pulse of SO, and blood pros 
sure of 120 sjstolic and 90 diastolic The cardiac rhjthni uas that of nuncular fibrillation 
The mitral first sound was sharp and accontuatod There was a midlato, rumbling diastolic 
murmur ivith presjstolic accentuation best hoard in the mitral area The second pulmonic 
sound vas accentuated 

Fluoroscopj and roentgen examination reiealod an area of increased density in the 
posterior upper portion of the right lung field The cardiac configuration ro\ onlod tuo 
plus enlargement of the right lontriclo and left atrium (Pig 5) There uas also OMdonco 
of calcification of the mitral valve The electrocardiogram rovalod auricular fibrillation, 
right ventricular hypertrophy, and digitalis cITcct Bronchoscopj shoved no ovidcnco of 
endobronchial disease, examination of bronchial secretions for tumor colls vas nogatuo 
The prcopomtivo impression was rheumatic valvular heart disoaso vith mitral stono 
SIS and an undiagnosed parenchj mal lesion in the right lung 

On Aug 27, 1953, an explorntorj operation was performed through a right lateral 
thoracic approach The right lung was examined and a tumor was found to bo present in 
the upper lobe vuth extension into the chest wall The right upper lobe was resected to 
gether with a block of chest wall containing the third, fourth, and fifth nbs Mitral com 
niissurotomy was then earned out bj the tcclinK^ue desenbed The mitral valve was found 
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to be calcified and had an opening about 5 mm in diameter The valve ivas split bv finger 
prepare to an opening of 25 mm in diameter mthont the production of anv regnrgitatiom 
The patient withstood snrgerv quite well Pathologic esamination of the lesecte 
right upper lobe rerealed squamous cell carcinoma, Grade HL He was discharged on Sept 
12 (ciifeen davs postoperatii elv), at which time he was considered to be m good gen 
cnl condition (Fig 61 

2 _F F (HH 910S6), a 39vcarold white noman, entered the hospital on 

\ug 24, Ihdl complaining of dispnea and fatigabilitv of ten vears’ duration and anasarca 
for three vears’ duration Abdominal paracentesis everv two months had been necessarv 
for the past vear Rhenmatic fever had been diagnosed at the age of IT vears She had 
been on a low “alt diet mereunal diuretics, and digitalis 

Pb\ “ical examination re\ ealed a blood pressure of 120 svstolic and TO diastolic 
\nricular fibrillation wa^ present At the mitral area there were heard a sharp first sound 
and n midlate dia“tobc rumble with presvstolic accentuatioru In the tricuspid area, when 
the patient was placed in the right lateral position, there was a diastolic murmur which 
ip]>earod to lie different from that heard in the mitral area The lung fields were clear 
The bier \va“ enlarged o cm below the costal margin Pitting edema of the lower evtremi 
tif'. and e\idenee of abdominal fluid were abo present 



FIC 5 


to. 
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'iu-rlu"fn, n«l\'^ dcn\on«trnUnB the parcnch\-mal legion in the risht 

hn. r Fiivii,wrath. " ^ "Pieal cardiac confliruratlon of mitral stenosis 

'f th rikht uri" r Itib. toLithf'r simultaneous mitral comml^surotomj and resection 

r ’tvjih n portion of the cheat \vaU 


dnum ard qm^lmnaWr showed an enlarged right \entncle and left 

t' 1. unm.. Ini or itun oxnrninatme. tncular hvpertrophr and auricular fibrillation The 
ri- tb. pr. qelatuo opinion th ,t 

ii a .f th. p-.“.nc, of nnr.cnl! A T combined tncuspid and mitral stenosis 
■-irb. caf.,tonrationf.,rrhi..nlomc of laluc to perform 

On \u ^ .'"'^^"^‘■'•‘'“‘‘onoftbotncnsridiahc 

1 1 ^ Th. right” atnmnthe nght thoracic 
" O ^nqul .ahe a I. 1 ,. uim wAl ‘^^^ondousU enlarged and the opening of 

'“•'n 10 mm ,t. longest diameter The tahe Us quite 
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A 



B C 

Fie 7 —A Preoperathe \\e\\ shoT\itie cardiac enlargement, B Demonstration of en 
largemcnt of the left atrium and right \entrlcular outflow tract C View showing enlarge 
ment of the right atrium 
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ioatherj- and resisted comnnssnrotoniy by finger pressure alone, so the valve vras out mth 
th“ guiHotme knife until an opening of about 25 mnu iras obtained FolioTring tncnspid 
commisnirotoniv, the natral valve vras explored bv dissecting the sulcus tenninalis and 
p8i«uig the finger through the right ivall of the left atnnm. Its opening ■was found to be 
about 4 nun in diameter By means of commissurotomy an opening of about 18 to 20 mm 
vas obtained vnthout regurgitation 

Po=toparatiTelv, the patient had a relatirelv uneventful hospital cunrse She was dis 
charged on Sept 29 1953, twentr nine days follovring surgery (Fig 8) 

Cisc 3-^ El (Samaritan Hospital, Sfio Paulo, Brazil), a 31 year old mhite man, 
entered the hospital mth marked progressiic physical ineapacitr and evidence of conges 
tue heart failure of tivo rears' duration 

Physical esaminatiott revealed a sharp mitral first sound and a late diastolic rumble 
mth pre^vstolic accentuation. A systobc murmur was present over the entire precordinm 

Roentgen and flnoroscopic examination of the heart revea’ed marked cardiac en 
largement Preoperative cardiac catheterization studies demonstrated a left to right shunt 
of G L per minute at the atnal level It was the preoperative opinion that the patient 
undonhtedlv had Lntembacher’s smdrome 

On Feb 13, 1953, the patient was explored through the right thorax Digital explora 
uon of the right atnum revealed a centrally located defect in the interatrial septum, about 
1 cm. in diame'cr Examination of the mitral vaUe, through the septal defect, disclosed 
a lery severe mitral stenosis !llitrnl commissurotomr was performed br finger pressure 
through the septal defect Atno septo perv was then accomplished in the manner pre 
reported The patient stood the procedure very well 
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ri'lit n tcchiiifjHc lot performing mitral comnussurotomv through 

'o iporouh IS dosciiliul The pioccdure is safe and pirctical 

'tnl sfenosK md associated lesions such as tncusjnd stenosis inter- 
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atrial septal defects, and pnlmonai-j disease in the right lung can be treated 
completely at one operation This offers the obvious advantage to the patient 
of a smgle opeiation, and also, in many instances, aetually inci eases the chance 
of suiiuial by deci easing the chance of moibid complications 

3 Three cases aie reported m detail to demonstiate the mdications and 
the desii ability of such an appioach 

REFERENCES ® 


1 Baile},C P Unpublished data 

2 Trace, H. D, Bailey, C P, and IVendkos, M H Surgery of the Tricuspid A''alve mth 

a One Year Follow Up, Am Heart J (In press ) 

S Bailey C P, Downing, D P, Geckeler, G D, Likoff W, Goldberg, H, Scott, J C, 
Janton, O, and Eedondo Eamirez, IL P Congenital Interatrial Communications 
Clinical and Surgical Considerations With a Description of a Neu Surgical Tech 
me Atno Septo Pexj, Ann Int Hed 37 S88 920, 1952 
4 Bailev, C P , Bolton, H. E , Jamison, W L , and Neptune, W B Atno Septo Pexr for 
Interatrial Septal Defects, J Thoracic Surg 26 184 210, 1953 



UNUSUAL PKOBLEJIS IN SIANA-GE^iIENT OF CHEST WALL DEFECTS 

Report of Two Cases 

John P Heaxet, M D , Thomas D Croxix, M D , axd Robert C Overtox, j\LD 
Sax Axtoxio axd Houston, Texas 

r\EPIlCTS of the chest A\all most commonly follow replacement of normal 
■L' stmetnres hv neoplastic tissue which m turn requires wide surgical ex¬ 
cision Less frequenth, radiation necrosis pioduces extensive tissue loss IMuch 
less fiequentlv, trauma, followed bi suigical tieatment and compbeated bv in- 
icction mav produce defects of ma3oi importance According to Efflei and 
Blades,'- the low incidence of tiaumatic defects durmg World War II mav be 
attributed to splendid earh- surgical therapy together ivith the use of antibiotics 
Tliese autlioi’s furthei state that, in most instances, the patients regional tissues 
Riai lie employed satisfactonlv for closure without need of foreign material of 
'anous kinds 

Repair of defects of the supeiUcial soft tissues of the chest wall does not 
invohe surgical prmciples difteient from those followed in other parts of the 
)0(b noneiei nheu the bony stiuctiires of the cage are destroyed, problems 
peculiar to the repair of thoracic defects anse In this article we hare puiposeh 
omitted discussion of chest Avail defects associated ivith existing bronchopleui-o- 
cutnnraus fistula smee these latter situations demand additional attention to the 
underhung problem of ongm and ablation of the fistula 

Lung Iiomias haie been cured by simple pressure bandages"* or by packing 
Ti'ifi* gau7c'* As long ago as the end of the last centun 

^ ^ lor - repaired a lung hemia by simple ligation of the sac Tolgei’"® later 
Miircosted the use of osteopenosteal flaps nhieh subsequently hate been used bv 
u Ollier surgeons in the repaii of chest wall defects' 

coir Jr'' «sod to stabihzc the chest wall after operative 

'i.iA si bJ J first to emplov this method, which 

Mine ' Kirsehiicr wires liaie been used for the 

cliest \ nu r 11 ’^cen cmploved to stabilize the 

f'sen) n ,, Winkel.- m 193u, used aaoacii 

PLqiies' nf 1uhilc Watson and James"- used laigc 
"cued h! (^^1"'*^ intciiupted sutures Defects 

urnfts < cinpAema cavities have been successfiillv lined bv pedicle 

" dl d'"eet'rin rmLMho’laJ'''''' icconstinotion of antenor chest 

method the SI t in.\T’rr P"^^equisite for success 
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cen% Maier,=‘ PickieU and his associates,« and others^® have had giatifjmg 
success with this procedure PielcreU®* leported tlie use of a free split thick¬ 
ness graft applied directlj upon the anteiioi pericardium after resection of 
the lower steimim and costal cage Urban” and Pickiell” ” haie recorded nice 
lesiilts usmg adjacent thoiacie and ahdommal soft tissue flaps One of us 
(T D C ) has successfully employed such flaps to lepair defects of the anterior 
chest vaU following excision of radionecrotie and malignant tissue, the lesult 
of bieast disease 

Tantalum plates have been emplojed in raie instances but without stiiking 
success s T 16 30 jjj geueial, the plate method has been abandoned 

Tantalum and/oi stainless steel mesh gauze have been used with real satis 
faction by numbers of suigeons ^ -® In general, of the foieign materials 

employed, the metallic mesh has been most satisfactorj 

The repoits here piesented concern two patients in each of whom trauma 
intli supeiimposed infection, followed bj-^ siu’gical theraiij, lesulted m a large 
incapacitating defect of the chest wall 

CASE REPORTS 

Case 1—E A, a 38 year old white man, was admitted to Veterins Admimatration 
Hospital, Houston, Tens, on Sept 14, 1949, with a liistory of havine received a penetrating, 
email caliber missile wound of the left chest while m combat m 1944 The left chest was 
explored and drained, soon after the injury Postoperahvely the patient developed an em 
pyema manifest by drainage of purulent exudate from the left chest Because of persistence 
of dramage, together with hemoptysis, a partial thoracoplasty was done Pollowing 
this procedure he did well with the exception of repeated small episodes of hemoptysis, weak 
ness, and dyspnea In April, 1949, he espericncod a severe pulmonary hemorrhage The 
presontmg complaint urns a small episode of pulmonary bleeding three days before admission 
Physical Examination —The patient was a poorlv nourished white man who appeared 
chronically ill Vital signs were normal There was marked deformity of the left chest with 
partial absence of the anterior or lateral aspects of ribs, two through nine inclusiva The 
old tlioracoplastv scars and gimsliot wounds were ivcU healed There was marked limitation 
of motion of the left cliest witli dullness on percussion Bronchial breath sounds with crackling 
rfiles were heard over the left lung The remainder of the physical eiamination was non 
contributory 

Acce<tsory Clinical Findings—Laboratory findmgs were all within normal limits These 
included repeated negative sputum studies for tubercle bacilli 

Course m the Sospital —Chest roentgenograms at the time of admission reiealed an 
absence with partial regeneration Of tlie left second, third, and fourth ribs anteriorly and 
the fifth, sixth, seventh, eighth, and nuith nbs InteraUv Clear lung areas were noted m 
the apical portion on the left with a sbght shift of the heart and mediastmum to the right 
A ray appearance suggested that a partial pulmonary resection had been done folloned by 
thoracoplasty Bronchographic examination, on the other hand, showed filling of the entire 
left lung with marked compression of the basilar segments (Fig 1) Bronchoscopic exaimna 
tion revealed active bleeding from the loft upper lobe 

On Oct 24, 1949, an exploration of the left hemithorax revealed a dense, scarred, spherical 
mass in the lower portion of the loft upper lobe which contamed a foreign body, thought to 
bo a piece of camouflage net Small loculations of purulent exudate were encountered The 
left lung was collapsed and nonnerated A pneumonectomy was performed Postoperativelr 
the patient developed a spiking temperature and evidence of empyema Purulent exudate was 
aspirated from which Staphylococcus aureus was cultured The pabent was treated with 
antibiotics, repeated irrigation of the chest cavity, and finally by open drainage The general 
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(S Sij) pSAOJdtnt AjjBajS suav -oaudSAp anj pmj ipAi pip ^uaqud 
sq} 'ApAili!iado;soi patlddu svui Smssajp am^^dAd y diip aqj lutanaq miup a qjiAi babavi 
m pa»op uaiQ suii punOAi aqj, OAtAi xaa;s ssa[atms q^iAi paiisqdtuoODU sdai squ uaaAsqaq 
luauiqaimB aqi <, i,i ■“ SnTOUoj Ernq; ‘qu qiuaj paqAtijsrpnn aip pua qu ipaaAaia pa^ua^d 
suBAj ijAiau aq; Jo aippim aq; aaaAA)aq paSpuq uaqj saAi qu qijp-^l aHi aSaiHAaa ^apoa 
qpinoj aq) Jo paaniaA jo ajis aq} }a rauiuajs aqj jo aSpa laAajai aq} o; oaiaa pap soapnap 
qjiJA paqaapa sbai paa AOuajaa sp ‘iAiaAas OAp q4iAi Apoq paAqapaA qjqSia aql op ApouapBod 
paqaappa sbai qu qpaaAapa aqx spiups Auoq su papAasm babaa squ asaqp qarqAA SuiAioppoj 
‘uoistaat anbqqo AAOssaaaa ua qSnoAqp paAomaA uaqp babaa sqiA qpjpaAAp pua qpaaAapa aqj, 

Apouapsod pasodM sbaa luqapaA aiaaAoqp qpqSia aqp jo ^poq aqp ‘mniuaps 
aqp JO Aapioq aqp Smsodxa pasiava bbaa aSappaa papsoa qptioj aqx mnipAirauad paaaaCqas 
aqp raoAj paaAj babaa sdag anssip snoauapnaqaa pna uiqB pua paBia^a sbaa abbs ppo aqx 

teex 

‘gp Apip ao aaop sbaa siqx apqaAisap paiaaas aoipazipqaps pa pdiaapa ua ‘spasAoa Aq ApaiAapata 
paanpaA aaaq poa paq qaiqAA ‘paAA psaqo aqp jo spaaraaAoia paatAOpiuBd aqp jo asttaaag; 
at ApuapiSaui paqAaai sbaa aAoqx 'tanuipsaipaai aqp jo Apipqoia apqaAapigaoa papaaAaA Adoa 
•aoipaanj jo paaaiAiadan paqAaia papaaABA paa apaai babaa saipnps AAOpaxidBaa papoa oabaa 
aiaatpSBipaai aqp jo aotpaaipqaps Aappaq pua laSaAqdaip pjaj aqp jo aoipaanj Aapaq ‘psaqa 
pq3u aqp JO pioddns pauAapAa qpiAV papoa ospu sbaa aiSaAqdaip pjap aqp jo asn paaiajgam 
'aoipippa aj gaoiSAnasa XiopBAidsaA qpiAA apia pqSiA aqp ao aiSatipduip aqp jo paaasap aqp 
ai ^uapnSaAAi poqAara sbaa aiaqx araaipsaipaai aqp jo Apqiqora apqaAapisuoa papjaABA Adoa 
BOAonj^x papBAaBAaAo sduqAad ‘paapat ‘paa Aaapa sbaa Sanj pjap aqx apis pq3u aqp ao sSmqAaia 
3aiq oa babaa 9Aaqx (t ^ij;) aoppajaadSaA qu Aooq paamnai qpiAA pq3u aqp ao ApsapdoaaAoqp 
3AisaapA.a aa jo aanapua papaaAaA BanuSoaaSpaaoA psaqo —sGuipuij lamtiio Gjoss^aay 

Ajopnqupaoaaoa bbaa aoipuataiasia paaisAqd 
aqp JO AapaiBiaaA aqx (g Sqj) Aqaipam squ abaaop aqp jo pjrqs a sbaa aAaqp aoiptuidsai 
ao npaap aqp jo paAat aqp aAoqa AqaAapBp papadpad aq ppnoo squ o^ paaaimoid apinb 
OABAA saoipaspad aqp paa tnaipABauad paa anssq enoauapnoqtis *aiqs Xq Ajao paAaAoa sbaa pjaaq 
aqp ‘apis pqSu aqp bq laaisopuABd babaa uoipaaidiaA ao ppiAA psaqa aqp jo spaatnaAOjq psaqa 
aqp JO apis pqSu aqp jo aoiSsaAdap paqAaoi sbaa aAaqp ‘ApAOuapaa qu qpxis aqp op XpAouapsod 
apndBos aqp jo AapAoq Aouadns aqp aioAj papaapxa qaiqAA ‘XpsapdoaaJoqp snoiABAd aqp iboaj abbs 
ppo aa SBAA aAaqx ^Aoqp aqp jo AApatoausB paqJBin sbaa OAaipx psaA paq pa hoab otaudsAp 
ApapBAapoai ‘aaoi ppt XquamoAtp a papaaABA papidsoq auo pa pbauab ao uoipaaTOiBAa paoiSAq^ 

amippsa Xq papaatpdaioa sbaa siqp ‘ ssoApsip AAOpaAidsaA paqaam 
paq puaipad aqp pnq paddops aSauiBAp ‘aAupaaoAd siqp SaiAAoppoo; aaop bbaa damps panpo 
aoAq aqp jo ^An^o^^ qpiAA XpsBpdoaaAoqp adAp apwqag a ‘Sffal ‘AAanjqaj ai ‘ spanod ig SaiqSiaAA 
‘sBxax ‘Xanai3;ajq ‘papidsoH saiuapax aqp op paAAajsaiup sbaa ag; sippaom aaia aoj aSauiUAp 
AioopoaBAOqp pasop Aq papaaAp suaa siqx damps panpoaoAq aqp jo pnoAAoiq a sbaa aAaqp ‘ABp 9Aip 
aiadopsod qpjp aqp bq ppidsoq aab^ b pB paauojjod sbaa Aiuopaaaoamaad pq3u b ‘ifei ap 
saposida apuqaj paanbaAj qpiAA jpx AUBOiaoAqa paaiuiuaA aq pnq snoqaAidsB papBadaA Aq papaaAp 
SBAA srqx papBApsaomap sbaa ssaosqB Suiq pqSu b ‘aaoCbi srq Aapja babba aap ‘8o0t ap qSnoa 
ainoAip B aABq op ponaipnoa pnq ‘noipnAqapidsoq ,sqpaoia aaia Aapja paSAaqasip sbaa ag psaqa 
pqSu aqp jo pimoAA poqsanS a paAtaaaA aq ‘aanaAg ai paqinoa m apqAA ‘sp6p ap aaadsAp 
paa qSnoa aiaoAqa jo spmaidaiOD qpiAA ‘pQGp ‘ps qaAB^ ao ‘sa^ax ‘aopsnog; ‘papidsog nog 
BApsimnipy sniuapajV aqp op prappaapa sbaa ‘aaia apnjAA ppo abba OX b ‘ p^ -y £ _j 3SV0 

(S 2ig) paaiapqo sbaa aAnsopa punoAA pnaaBouad ‘apapdaioa aAOjaq dg Bpndaas 
aqp JO aoisiaxa papnpaai snoisavaA Aouim Aapog ppAA poop pjbaS aiqs ssanqaiqp pqds aqx 
paajap pauq-anssg aoipopnamuS aqp nnppiAA paqdda so a pjbaS urqs ssaaqaiqp pqds a ‘OSGI 
‘l 4*3 no 'aAOjOAaqp paa nogaapai AAapnoaas vq paaq poa ppnoAA paajap aqp paqp paAaadda pi 
'saAnpaaoAd asaqp jo aptds ap spuaniSas qu papmanaSaA paa anssg Aapndaasqns aqp Aq ApiaAapui 
paa saipoq puAqagaA pua lanagsaqiam aqp Aq ippaipam papunoq ‘xBAoqpiinaq pjap aqp ai pjapa 
daap ‘AAOAAUn ‘pajooAan aa gap snogmado asaqx paqaad paa papaSuAi sbaa aaads aqp ‘aaop 
BABAi panoAi ApsapdoDBAOqp aqp jo saoisiAaA paaoj paABAag paAOAdnn ‘AapjaaAaqp ‘nogipnoo 
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Fig S (Case 2) —This photograph also taken during Inspiration was made 8e\eral months 
postoperatlvel> Note the absence ot the marked depression which existed before operation 
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HEAMA* ra \L- MVAACEMENT OF CHEST AVALL DEFECTS 

He wis last <=eeii on Sept lb, lb5o, two Team following operation, at wlucli time he 
was cheerful and stated he was much better than before the reconstructive procedure He was 
free of dvspnea at rest and even with slight aetivitv but he has Uttle respimton reserve and 
becomes d'spneic on moderate exertion. The nb grafts are still m place as shown bv palpa 
tion and x mv films (Fig 6) He has slight motion just below the nb graft", and there i" 
"till "ome medial displacement of the loner cage on inspiration 


DlSCl'SSIOA 

In Case 1, a difficult pioblem was finallv solved in a lelativelv simple 
fashion Aftci attempts to obliteiate the space bv collapse measiiies bad tailed 
the space was marsupialized 2so pievuovis mention ot the use oi split skin 
grafts for tins purpose lias been tonnd tbongb pedicle flaps bav e been eniplov ed 
The method has the disadvantage of leavung an nnsigbtlv deforniitv 

The problem involved in the second ease was paradoxical motion of tbe 
eliest wall This sometimes becomes a taetoi of great inipoi-tance when a large 
vcrtion of tbe nb cage is removed In oui levievv of tbe literature vve tonnd 
onlv Tare instances in nbicb free mb gimfts were emptoved in reconstTviction 
01 the chest wall While the use of autogenous material seems desirable, it is 
rcasonahlc to suppose that bank hone might be lived to advantage foi tins purpose 


STVni VRV 

The recent bteiature on managoment ot chest wall defects has been levnevved 
Two illustrative ease reports have been piesented 
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PRESSURE BREATHING IX SL-RGERY 
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P RESSURE breathing ib the control of iespuator\ d>naimcs by the de¬ 
liberate alteration of intrapulnionarj pressure It is most commoiih pio- 
<lu(cd In the application of pressaire bv means ot a mask or an endotiacheal 
tube Through ]iressnre aariations one can coiitiol respiratory exchange 
ficilitatc surgical procedures or nndei ceitain eircnmstances stabilize 
(irculiton function 

Pressure breathing is used in artificial lespnation to iniprcne lentilation 
It is (iiiiihned during gcneial anesthesia where ])owerfnl relaxant drugs hace 
been used tci facilitate suigcii Here the anesthetist inav attein])t to niaintain 
sitisfactorc \cntiIation b\ iiding the inspnaton effoit of the jiatient This 
IS termed ‘assisted lespiiation oi the anesthetist mas lendei the patient 
a[mci< and assume respoiisilnliti for the rite as well as the lohinie of lentila- 
tioii This is knowni as controlled resjui ition The open chest in the 
mapiriti of lustatues adiersels affects respiritoii dMianiics Piessiire 
breathing is therefore dso induatcd in this situation 

Then seems t<i lie lerc little < ntieisin ot the need lor piessure breathing 
There is howecer nuieh that cm he said igainst its application tor if it is 
improperh ipidied the patient inn boinjuied 

Vlthougli pressure lircathnig h lel leiiig been em))lo\ed for lesuscitation 
It w IS not until the uUeiit oi suigical ciiti nice intei the thoiacic cage that 


n w Is imploMil in surge r\ Surgeons ha\e jdaied in imjiortaiit part not 
"nil 111 reeogimmg tin need leu jirtssure hieMtlinig hut also in the deielop- 
nnnt of pressure hit itlinig a\tpiratus Mikuluz lu 100) recognizing that 
lutrathorlen suruerv eoubl not progitss until the hizaids ot in ojien thorw 
e oubi bi DM r< onie eommivsioiieel his stuelent Saiierhniih to resole e the 


prohb III s me rhnii Ii'* reeogin/ing the neeel toi some feirni of pressure 
lire ithiiiL built and ni the following eear jiresenteel the piessure chamber 
known b\ Ills name tl ig li The ])itient s hod\ is within the negatne 
tiressurt e ihinet The pitients held ixteiiels intei the sni rouiieling room 
Tills ell igram of the s-uu rbriu h < ibiiie t is extiomole iiite resting It reeeals 
pi rh tps m some ne w m iinu r the hnlli me e of S nu'rhnn h \s e on mae note 
till luwi r pirt of the )>itient s liodc is in e ommimie itnui with the outside 
room in.l ,s thus m mil mud it atm.espliene pressure One must therefore 
isMim, Hut s^nerbru.h w ,s 1 .miliar with sonietlmig tint we hace hnt re 
•^_t^b.unn t.. ipprci.te tint is that ni .uir en.lene.r to preicnt the 


I*"' I ne tl Xriv I nslen 1 suryil -nl 
’ ' ' < t t I il II -ell n Jsn I 

t' T •'t IV t tftm M I ' \n O Irli 


Cl at nitiL Wnirh urn FL 
I lio-l 1*1 n 1 lUwi.Unl 


I 


'^IC, 11 1S33 


ai 



32 


THE JOUK^AL OP THORACIC SURGERY 


ha^aicls of pneumothoiax by piessiue bieathing, we intiodnce new dangeis 
It IS also endent that he appieciated the desiiabiiity of not inteifeiing Avith 
^ enons retnin to the nght heait nndei these circumstances 

In 1908 IMejei® piesented his double chambei appaiatus (Fig 2) The 
patient’s body is maintained undei negatiie piessuie and the patient’s head 
IS in a positive piessuie cabinet It seems eleai that IMeyei eithei did not 
beheie, oi failed to appieciate, some of the deleterious effects of piessuie 
bieathing which were of such ntal coucein to Saueibiuch It is peihaps of 
particular inteiest to this group that Murpln" and Eobuisond'’ and associates^'' 
all in Boston, contributed to the literature on preasure breathing In the creation 
and description of nev appaiatus 

Aftei the eaily yeais the piogiess in piessuie bieathing lested to a laige 
evtent in the hands of the anesthesiologist An impoitant advance was the 
development of eonti oiled lespiration, that is, the pioduetion of apnea and 
lentilation In manual bag compiession A suigeon, Ciafooid,' devised a 
mechanical means for contiolled respiiation, and, more lecenth, IMalonei and 
associates^" hare contiibuted much to this impoitant subject 



Fig 1_Sauerbruch cabinet Position of patient In chamber read> for operation under ncga 

the pressure. 

It IS peihaps impoitant to lenev the possible effects of incieased intia 
pulmonaiy piessure on a physiologic basis In the seienteenth centuiy 
Valsaha lecogmzed that increased intiapulmouaiy pressure inteifeied -with 
the flow of blood through the lungs He determmed that " if, aftei a 
deep inspiiation, a stienuous and prolonged expiratory effort be made against 
a closed glottis, the pressure so excited on the heait and gieater vessels, 
aiiests the flov of blood thiough the lungs” That such incieased intra- 
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imlmoii.in pressure can cause a fall m arterial pressuie ^\as noted l)v Em- 
brndl lie stated that positne piessure breathing pioduces a gieat fall in 
arterial pressure due to the inabihta oi blood to entei the thoraoic eaauta 
so that the heart becomes depicted and its output falls AYeber’= stated ‘I 
discnccred I could interiU])t at cmll for a moment the beats of nn heart 
and the pnlsatioti of nn aiteries In hmdenng the an from entenng into nn 
(best V hub I n \s at the same time compiessmg 
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eaidiac output On the lett poition of the dia^MUg we note that inei eased 
intiapulmonary pressuie causes caicbac tamponade Tamponade lesults in 
poor filling of the right heart, this in tuin means a deeieased perfusion of 
blood across the pulnionaij capillaiy bed, followed in turn bv a decrease in 
left ventiiculai filling and a consequent decrease in eaidiac output It is 
important to note that since light atrial piessuie is incieased, there is a back¬ 
ing up of 1 enoiis blood mth an elevation of venous pressure 


Ffg: 
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3—■Eflfect of increased lntrapulmonar> pressure on cardiac output and \enouB pressure 


The patient in good condition can toleiate a moderate amount ot in 
cieased intrapulnionar\ pressure The patient in a poor phisical state eamiot 
The ability to withstand positue pressure bieathing depends to a great extent 
on the patients abihti to maintain a heightened lenoiis pressuie, for, dining 
the phasic diop in intrapulmonaiv piessuie, the eleinted venous piessuie is 
an important factor in filbng the right heart It thus contributes to the 
maintenance of a satisfactory caidiac output Aothing should be done vhich 
will Intelfeie with the patient’s ability to deielop and maintain an eleiated 
i enons pressure 

Ganglionic blockade effectnelj pieicuts the patient from delating his 
i enons pressure Thus, ganglionic blockade as foi hiiiotensne anesthesia, oi 
bi spinal 01 paraieitebial block, lenders these patients poor candidates foi 
piessure breathing It has been established beyond doubt that hi])ovolemic 
patients tolerate pressure breathing extiemelv poorlj These patients are 
incapable of maintaining a satisfactoi’j lenous pressure, let alone being able 
to delate it Blood loss m a patient undei piessure breathing is a hazaid 
out of all pioportion to the amount of blood lost and in these patients par 
ticularli blood leplacement is ntal and should not be delayed It should be 
anticipated 
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PKE?.^t7BE BREVTHING IN ‘?URGEK\ 

Niikp pressure bre-ithinjr ]S nn 3 mportmU aid to some toinis ot abdominal 
surpen and a Mtai adjunct to mtrathoiaeic surgen means to decrease its 

h.i 74 ird should be emplos ed , i + 

The effect ot ]iressiire bi entiling on taulwc output seems to be in dneet 
r dm t(. the mean pressure The gi eater the mean pressme the greater is tbe 
»ffeit on (nrdiac output The mean pressme can be lowered bi lutermittenth 
jiermitting the lutrapulmonan piessiue to chop to ambient piessiiie The 
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IPPB 



Inspiration 
Expiration 
Peak pressure 


3 28 sec 


Peak, pressure 19 cm H O 
Mean pressure /Z 66 cm H^O 

He - Inn.lr-vtnrN i>r< rnur. >a«p\r->tton w lUi low in. an pri-«un 

durdmn of txpintmii shoubl lu longer th m the pciuid ot inspir.ition to 
1 ou the 111 irt to I itih up iluMuir period of pli isu defrense in inti i- 
I u luoii ir\ pn wsuri (Ik; T hm htt<r m more eisili at < onudislied in 

< oiitrolb.l th 111 11) issisi, ,1 rfspiritmn 

t (irolriili.I pi ri(i<l ni ihi^xtid iiitr umlmoii ir\ pnssuie pioduces 
<< ht. nous. (Ti.tsonnr. Ill itmi, ind g ,s pm h mgi It is the pn.li.cofmam 
thorui. snrg.ous to n.pust s,uh a pmodot hemlitfued mtuipnlmmiarv pres 
M - til,ms, ,s mad. of ,h. imsthUts, ,]„nng tin ilosnn of the ihest to 

'>) ,11 ,iu K.d the turns ,h.„ a high nuan 
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mtrapulmonarr pressure mar be particularlv harmful 

of couditious It IS especiaUr at this time that nothing should be done fnitiie 
to compromise the patient It is oui experience that chest n ^ ^ 

closed and pneumothoiax be pieieiited bv inteimitteut insufflation ot the 

lung and bv chest aspiiatioii 

During thoracic surgeiv occasional uiflation ot the atelectatic lung is 
desirable The collapsed poitioii of the lung should be inflated cmefullv bi 
intermittent positue pressure breathing mth increasing uiciements of pies- 
sure at the peak of mspiiation Rapid inflation of the lung bv constant 
positive pressure is undesirable aud harmful 


Lung motion someDmes luteiferes inth smooth anti lapid progiess dui- 
lug chest surgeix Lung motion often reflects tidal exchange It niai be 
true that even mth small tidal exchanges the patient s degiee of owgenation 
mav he satisfactonlv mauitained The moie difficult pioblein honesci is 
satistactorv carbon dioxide elimination This is dependent upon good tidal 
volume Iliramal lung mocement means nnsatistaetorv gaseous exchange 
Jjs a result, a cere laige proportion of mtrapidmonaiv surgeii* is done on 
patients snffeimg with marked respiiatoii acidosis 

Artrfieial respnation m the opeiating loom foi collapse dtie to o\eidose 
of anesthetics oi lelaxants too high a spinal anesthesia tinunia oi when 

earned out foi caidiac anest can of itself senoiislv niteifeie mth the 

patients chance ot ieco\eiv because ot the effect of lnspllator^ positne 
pressure breathing on cardiac output 

Inspirator! positne pressuie bieathing of the pioper soil mar he carried 
out In manual compiession of the bag oi bi inechamcal means It is oni 

belief that the patient can be bettei niaintamed on controlled oi assisted 

respiration bi a mechamcai dence H'e haie constinctcd an electionicallv 
controlled apparatus which emplois owgen alone oi oxigen in coinbniation 
mtb anesthetic gases and which can pioduce anv desned respiiatorv pattern 
Mith each of the idnables under full ccnitiol one can pioduee satisfactorv 
tidal exchange mth a low mean pressuie (Fig 5) It can produce contmlled 
respiration alone (Fig 6) assisted alone (Fig 7) oi a combination of 
contioiled respnation (Fig b) The appaiatns can sense an 
eftort In the patient to inspire and it aids him in this i egard 

Normal respiration because ot a phasic decrease in mtiapleural negatiie 
iwcvsure ewewnrages return of blood to the right heait Aitificial creation 
o 1 p ase of negatise jnessure in pressuie bieathing is heconnug incieasineh 
important for it not onh lowers the mean piessme but it aids senous letinn 
This sh<mld be of gust lalue in hiiiotensne states as in shock A negatne 
prexsure phase m n be inti odueed m the appai atus (Fi^ 9) 




Ihessure bieathing as UMered bi suigeoiis is a iital adjimot to piesent- 
dn Mirgu! and anesthesi, Its tremendous benefits m.n often be offset In 
.omc of ns dclcienons efteets These effects must be anticipated re^o^Led 
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and tieated To obtain mavimuni ad\antage of pressure breathing iiitli a 
mimmnm of harmful effects require the utmost cooperation between the 
sui geon and the anesthetist 

Please consider this piesentation my personal plea to this end 
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CONGENITAL TRACHEOESOPHAaEAL FISTULA WITHOUT ATRESIA 

OF THE ESOPHAGUS 

K S SIULLARD, jM H 
LoxDOX, Exgland 

\ broad suneA of congenital abnormalities shows that de^ elopmeiital 
r\ failure is raielv seen in its most seiere form, but that lessei degrees of 
the same fundamental error of development are common Spina biftda occulta 
,s common, meningomielocele is rare Complete exomphalos is rare umbilical 
hernia is common Complete bilateral harebp and cleft palate aie far less 
common than their mam minor i anants ilanv such examples come to mind 
It IS surprising, then, that wlule mam hundreds of cases of congenital 
atiesia of the esophagus, with tracheoesophageal fistula are recorded, and 
\en manv more are knoivn, but are no longei recorded, there are veri few 
1 ecords of minor \ anants of this congenital abnormaliti, such as atresia oi 
stenosis of the esophagus -without fistula, or fistula without atresia 

There are two possible reasons for this One is that minor \ anants occur, 
but are not diagnosed The second is that the error of development is peculiar 
m that It can giie nse onh to the full-blown les.on of fistula ivith atresia, and 
minor i anants cannot occur 

It is the purpose of this paper to suggest that at least one nnnor vaiiant, 
fistula mthout atresia, does occur, but is not diagnosed and mai be far moie 
common than is thought at the present time 

To dispose of the second poss liiliti, it is necessan to revien the development 
of tlie trachea and esophagus, and to consider the various theoiies that ha\e 
been put forward to account for the mdeh known congenital lesion of fistula 
inth atresia 

EUBRAOLOGl 

\ ogl s clns-sification of the congenital abnonnalities of fistula and atresia 
IS nell kiioun, as is the fact that Ti-pe Ill(h) occurs far moie commonh than 
the other variants (Fig 1) Jlanv theories have been put forvvaid to account 
for these developmental erini's Pressure bv the heart and peiicaidium, a 
prominent feature of the developing emhrvo has been suggested The piiniitive 
arterial arches and the great veins, have been incriminated But none of 
these pressure theories e-xplams the maiked preponderance of Tvpe III(l)) 
The most attractive theorv is that of Gruenvvald * who has described a case ot 
fistula with atresia in a 9 mm human emhrvo He pointed out that normallv 
the trachea is developed as a ventral outgrowth fiom the foregnt, and from that 
part of the forogut which is to become the esophagus (Fig 2) It is an em 
hrvologie maxim that when a parent tube gives rise to a daughter tube it does 
s_^^\,e temiKirarv expense of ifs own lumen, and tt is reasonable to’assume 
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although this is not knouu foi certain, that during the phase of budding off 
of the tiaehea, the esophageal lumen becomes blocked In prolifeiating cells 
When the trachea lias sepaiated fiom the esophagus, the next phase of deielop 
ment is a lapid elongation of the trachea It elongates not onh in proportion 
to the gioJrth of tlie embijo as a whole, but in excess of this propoition, so 



I n (e) (b) Cc) 


ATRESIA nSTULA 

ONLY ONLY FISTU.A WITH ATRESIA 

Fig 1—Aogts classification of congenital fistula and atresia. T>pe III (b) preponderates 
and Ib wldelj reported following surgical correction 
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Fig 2—Following the separation of the trachea from the esophagus there Is a rapid caudal 

elongation of the trachea 
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Fig 3 —The rapid elongation of the trachea takes place before the trachea and esophagus 
haAe separated (that Is at Pliase 2 ) and the esophagus Is attenuated on the fMDsterlor wall 
of the trachea (5) to produce T>pe III (b) deformity of \ ogL (After Gruenwald ) 


that it elongates lelatneh to the esophagus, which, of eoui’se, is also growing 
in propoition with the whole embiwo Giuenwald lield that the usual anomah, 
fistula wuth atiesia, Tjpe Ill(b), is due to the failuie of cooidination of the two 
phases of dejelopment, so tliat the lapid elongation of the trachea takes place 
befoie the tiacliea becomes sepaiated from the esophagus (Fig 3) In this 
eient, tlie esophagus, its lumen piobabh liloeked bj cells, will be drawn out 
along the postenoi wall of the trachea as an attenuated stiip, oi as a thin cord. 
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or fi-agmented Tlie site of the fistula between the loirei end of the esophagiis 
and the trachea ^nll depend upon the degiee of sepaiatiou hetrveen the two 
at the time that caudal elongation of the trachea takes place If this rapid 
growth takes place at an eaih stage, then the fistula mil lie near the earma, 
liut It separation is almost eomplete then the fistula miU be h gh in the trachea 
OiiienMald considei-ed that the upper hlmd pouch is piodueed hv the growth 
of a part of the pxvnrordral esophagus attached to tlie pharrms His theoru rs 
reinforced bv the diseoven of squamous epithelium and striated muscle in the 
posteiioi nail of the trachea in eases of fistula and atiesia'’ Rosenthal 
has ohscri ed a case in which the esophagus was visible as a longitudinal thicken¬ 
ing on the posterior wall of the tiachea I have observed, nr cases of patients 
inth fistula with atresia on whom I have opeiated, that there is a clear angle 
between the tiachea and esophagus below the fistula, hut that above it, theie is 
often a hand oi cord runnmg np the posterior wall of the tiachea for a laiiable 
distance, making the fistula difflonlt to define at this point klam othei 
suigeons perfoming these opeiations must also hare observed this, but its 
significance becomes appaient onh -with the baekgionnd of Gnienwalds theoii 
Gnienwald pomted out tliat esophageal lemuants mar not he found in the 
postcnoi wall of the tiachea This does not affect the laliditv of liis theorv, 
since It IS veil known that uiteicalated stiuetiues such as grafts, mas he in- 
coiporate<l in the final stiTictiiie of an oigan, in so foi as their fundamental 
structure allows transtorniation imdei the influence of the anlage of the develop¬ 
ing pai-ent organ 


Giuenwald s theon has the heaiitr of simpliciti It explains whv the 
tracheoesophageal fistula almost alwai's imohes the lower end of the esophagus, 
and wlu atresia is almost alwaNS accompanied hi fistula But it does not ex¬ 
plain whi fistula should not occui wnthout atiesin, and indeed one would expect 
that since the trachea is de\eloped from the esophagus, congenital fistula between 
them would he common If Giuenwald s theon is coirect, there is nothing in it 
showing that fistula without other ahnornialitv cannot occur 

If it he granted that on embnologic grounds, fistula without atiesia can 
occur at least as readili as fistula with atresia then one asks why the condition 
IS not met more frequentU m cbnieal practice There aie thiee possible anmvei-s 
to tins Fust fistula wrth atiesia was consideied a lare condition until a 
siiigicnl cine was dmiserl, and simple diagnostic measures weie wrdeh pnh- 
ished Second, the simple diagnostic measures which prose the presence of 
fistula wnil atresia will not noccssnnlv show the pieseuce of a fistula onlv 
Third the eluucal features of fistula without atresia lack the dianiatic qualitr 
of hstula with lUrosin ther do not neeessarih suggest the diagnosis m them- 
sehts, ami the onset of srmptoms mar he delaved until adult life These latter 
points aie hioiight out In a snrrer of the literat.ue of cases of fistula oidr and 
m the two new eases now mor^ied ^ 


irr wr ut IITKKITIRF 


The lite ,-011110 ot eongemtal abnormaiities of the esopha<nis includnm 
iniheoesoplngcal fistula, was extcnsirelr renewed In CautloTin IW I 
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fuither re\ie\\ was made l)-\ Plass" in 1919, prompted a case of fistula with 
atresia, and again more recently h\ Haight” m 1948, prompted by the discoyen 
of two cases of fistula without atresia Man^ of the cases here reyiewed have 
been noted bi one or the other, or all three, of these authors 

The first recorded ease of fistula onh is that of Richter,” in 1792 It w'as 
a peculiar ahnormaliti in which the trachea and esophagus formed a single sac 
This can be classified as a fistula in its most gross form, but otherwuse has little 
similarity to the othei cases One can see, how'eyer, how' such an almormalitc 
might arise on the basis ot OrucnwaldV theoii 

In 1849, Vrolik” recorded a case, classified b\ Cautley” as one of fistula 
without atresia, but In Plass”’ as one of fistula with atresia Unfortunateh, 
the original paper is not aiailahle in this eountn 

Cautlcc” mentioned Von dei Watei” as recording the nest case in 1857, 
but once again, the orig nal icfeicncc is unobtainable 

In 1873, Lamb''' iceoidcd a case in an American journal Haight” has 
cenfied this case, which, he stated, was of a patient who died at the age of 7 
w'ceks In the same j'car, 1873, Pinard’® and Tamier” independently recorded 
the same ease, which Haight” has again ccrificd, and which he stated was a high 
subglottic fistula, similai appaiTiitly to that successfully closed bi Imperatoii 
Pinard and Tarnicr’s patient died at 36 hours 

Eppingei’® lecoided a case of fistula, just aboye the carina, in a “young 
man’’ who died Haight” has yciified this case also, and it is the first case 
lecorded in the liteiatuic, w'lth leasonahle certainti, of a congenital fistula 
being found in an adult This was in 1880 

Heiderich,'" at a demonstration of pathologic anatomi in 1916, showed 
a specimen of human tliorac c viscera w'hich show'ed a cord joining the esophagus 
to the right bronchus The cord, which could be easih lifted out, and had no 
diseased lymph glands around it, started w'lth a bioad base in the esophagus, 
some of whose longitudinal fibers tinned into it The other end was attached 
to the posteiior wall of the nght bronchus some 2 cm from the bifurcation 
The esophagus, when opened, recealcd a funnel shaped pouch corresponding to 
the place wlieie the cord started It slanted downward in a short canal which 
easily allowed a fine probe to pass, and follow'cd the a\is of the cord, finalh 
opening into the right bronchus wnth a small round opening Ileidench believed 
that this fistula was congenital It would appeal that the congenital ongin 
was accepted in the discussion In 1917, Cautlev” made his extensive review, 
already mentioned His papei consists of a classification of the recorded ah 
normalities of the esophagus, and included si\ cases of fistula without atresia, 
those of Richter,” Von dcr Watci,” Lamh,” Pinard’® and Tanner,” Violik,” 
and Eppinger 

In 1919, Plass'" followed with a furthei review His papei is of interest 
Ill that It cpiotcs verbatim the first account, bj Thomas Gibson in 1696, of a 
ease of fistula with atresia Plass quoted Lamb"’ as his onlv case of fistula with 
out atresia He did not include Eppinger” or Von der Water’-* in his revnew 
at all He quoted Pinard’® and Tamier’^ as a case of fistula with atres a, hut 
Haight,” as stated previoiislj, has verified this case as one of fistula onlj 
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In 1921 Widmann-® ga'v e a ren full account of a post-mortem on a 34-% ear- 
old “Landstrumm lecruit, -nho died folloinng an acute exacerbation of chest 
disease of fourteen %ears duration The teminal illness %vas in June 1918 
characterized b% fe%er headache and bloodr sputum Death occuned in Juh, 
following a se%ere hemoptisis Antops% showed an old ‘ obsolete lesion at the 
left apex with caseous softening of the hunph glands at the lulus There nas 
old bronchiectasis of the left lower lobe with callous thicken ng of the stioma 
The left lung was denseli adherent There %\ere sanguinopurulent bronchitis 
and bronchopneumonia of the left lung On the light side there were light 
adhesions Fmalli there was a tracheoesophageal fistula situated on the pos¬ 
terior wall of the trachea, where it began as a funnel as thick as a pencil 
dimimshing to a few millinietei’s wide in the middle of the postenor wall at 
the leiel of the tenth cartilaginous nng It passed steeph backward and down¬ 
ward through the anterior wall of the esophagus enter ng the lumen TT cm 
below the interari'tenoid indentation The luiing ot the fistula was fiee from 
scarring, and admitted a 2 mm prebe throughout There was no surioundmg 
scarring or Innphadenitis In the discussion wh ch followed the presentation 
of this case which was accepted as congenital it was agreed that cases of 
fistula wnthout constiiction of the esophagus were laie Stubler desciihed one 
case and refened to three others the patient in one of wh oh sumied seien 
weeks (possihh Lamb s case) The long survival in Widniann s case was at¬ 
tributed to the direction of the fistula downward from the tiacbea to the 
esophagus 

Although so few cases had been recorded up to that time, lefeieuce is made 
to the condition m two textbooks published in 1928 and 1929 Anders-* stated 
“In the adult tracheoesophageal fistulas which can sometimes be %erv fine can 
gi'c passage to particles of food into the trachea and thei can cause aspiration 
pneumonia or gangrene of lung Jackson and Coates'- stated Congenital 
fistulae are iisualh fatal the patients who suime are those wnth oiili a small 
opening coiered In a fold or a tlun film of membrane In one such patient 
who came to the Bronchoscopic Clinic the him had endeuth giien ivai two 

rears before, fatal pulmonan complications had been preiented bi feeding 
with a stomach tube ’ 

In the same sear lh29 Aegiis'* showed to the Koial Societi ot Medicine 
a specinun of the esophagas of a man of 45 leais who had died from carcinoma 
o t le nng There was a congenital opening passing downivard from the 
trac ea to t le esophagus At the esophageal end was a lahelike hood of mneous 
mem lere la been no simptoms during life Xegus has seen no othei 

<asc 0 t IS con ition and unfortunateh the specimen was destroied dnrin" 
the war * 


Cicrr reported, m 1933 a ease of a woman ot 23 leare in whom a fistula 
lietwccn the esophagus and the left lower lobe bronchus was demonstrated In 
csophagoscopi Innum swallow and ladiographi follownmr the passage of 
ndiopique bougies The state of the lung is not recorded in an% detail The 
fistula was treated In cautenzation with s.hcr nitrate, and appeared to obli- 
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eiate Tlie fistula Mas 29 cm fiom the uppei teeth at esophagoscopi No 
opimon Mas gnen on the cause of this fistula, hut the histon was of seien real’s’ 
coughing on SMalloMung The patient s age at onset Mas thus 16 lears, and 
since no othei disease is mentioned, it is leasonable to assume a congenital ongm 
Late piogiess is not leported 

In the same leai, McKuinei'’® leported anothei case in the same journal 
This Mas a Moman of 58 real's, Muth a histon of lecurrent attacks of lomiting 
foi twenti -five ears, and Muth recent attacks of coughing and spitting up food 
after meals The fistula was shoMii In haiium swalloM, and confirmed In 
bionchoscopi Mhen beads of pns could be seen passing through the fistula, which 
Mas itself too small to be seen Esophagosco])\ failed to show the fistula too 
small to be found among the folds of mucosa A fuilher barium swalloM coii- 
fiimed the prenous findings ilcKimiei leiieMcd the literature at the time, 
and cons deied that it Mas a congenital fistula occluded until middle life bi a 
membiaiie He lepoited a peisonal communication fioni Cheialier Jackson, 
in mIucIi Jackson stated that he had found a number of such fistulas in oldei 
childien and adults 

Two, and possibh tlii'ee, coses Meie repoited in 1937 Moeisch and 
Schmidf” lepoited tuo eases The fii-st Mas of a Moman of 31 lears, mIio gaie 
a histon of couglnng up particles of food foi eight lears A fistula passed 
fioni the lowei esophagus to the light loMei lobe bionchus There was sup 
puratne pneumonia of the r ght loner lobe Death foUoned an operation, the 
details of which aie not gnen Autopsi shoned no cause for the fistula, which 
Mas laige It Mas seen at esophagoscopi and bioncJoscopi Jloerseh and 
Schmidt s second case vas of a man of 52 lears, nhose histori was of strangu 
lation and dispnea on dunking, since childhood Solids caused little distress 
Theie had been foui attacks of pneumonia jIi the left lower lobe The fistula 
passed to the left lonei lobe bioncluis it Mas seen at esophagoscopi, nhen the 
onfice Mas obsened to open and close and could easih haie been missed if 
closed The authors legaided then second case as congenital, the etiologv of 
the first being in doubt 

In 1937 also, Tobias and Cailone”® lepoited a ease of “congenital esophago 
tiacheal fistula in a man of 35, complicated bi a gangienous abscess of lung 
This article is not a^allable in this countn 

In 1939, Impel atoiT” desciibed a case of fistula in a boi of 6 lears The 
fistula was high, at the lei el of the thud and fouith tiaeheal imgs, and Mas 
lepaiied bi a tiansceincal, transtiacheal loute This case appeai-s to be smulai 
to that of Pinaid^® and Tanner’" 

In 1941, Gengenbach and Dobos’® reported ten eases of fistula, the patients 
of seven of mIi eh had atiesin Of the remainuig thiee, one Mas of fistula Mith- 
out am othei abnomialiti of the esophagus, and Mas proied at autopsi in a 
child of 3 mouths The fistula Mas 4 mm in diametei, and passed downward 
from the tiachea to the esophagus, entenng the trachea 3 mm aboie the carma 
The second case Mas of a child of 10 months, diagnosed bi bronchoscopi There 
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ivas some obstruction or stenosis of the esopha^s This child 

time of the report The third case ivas suspected the diagnosis not being proved 

at the time of the report 

In 1945, Leieu and Lannin" discussed cases of fistula mth atresia and in 
the course of the article mentioned tvro cases of fistula without atiesia These 
cases were found m the records of the Department of Pathologr of the Lniver- 
sitv of il nnesota, between 1916 and 1938 Xo details are given 

Haight,” m 1948 i-ecorded a ease m a child of 4 vears Theie had been 
chokmg on feeding smee birth and soon after birth fistula vnth atiesia was 
suspected The esophagus was shown to be patent bv baniim swallow, on the 
fourth dai of hfe The barium swallow did not outline the fistula Attacks of 
pneumonitis persisted, and the diagnosis was made at the age of 3 a ears, by 
Lipiodol swallow in the prone position Bronchoscopi showed the fistula 1 5 
to 2 cm aboie the canna, in the right posterolateral wall of the tiachea The 
fistula was 4 mm m diametei, at its nariowest Haight successfiillA closed the 
fistula bv an extrapleural paravertebial appioacb Haight had previoiish seen 
a similar ease, which he had reported in a paper on fistula nith atresia and 
which IS also described m Patten s textbook of embmologi The ladiologic 
features of fistula with atiesia were dealt ivith hi Haight and othei’s in a fur¬ 
ther paper ^ He pointed out that the usual procedure for establishing the diag¬ 
nosis of fistula with atresia nameH to instill a little Lipiodol into the uppei 
esophagus through a fine catheter wnll not outline a fistula it the esophagus is 
patent The oil will rim into the stomach and will pass through the fistula 
into the trachea onh if it is mstiUed into the esophagus in the prone position 
In his paper^= Haight stated that he is awaie ot two other cases of fistula onli 
which do not appear to he reported m the literature 

To retain the chronological older of this leview of case reports mi own 
first case must be mentioned at this point This case ivas diagnosed and treat¬ 
ment was made in 1948, and it was reported to the Societv of Thoracic Snigeons 

of Lreat Britain in 1949 Details are giien in the case reports in the followung 
section 

^lorton, Osborne, and Klassen recorded a case in 1950 The patient was 
a man of 26 a ears, m A\hom a congenital fistula passed from the esophagus down- 
warf to the right lower lobe bronchus The svniptoms of coughing of mgested 
00 particles did not arise until adult life He was successfullv treated hi- 
right lower lobectomi and closure ot the fistula 

Berman Test and McArP® reported a case in 1952 of a Aioman of 40 veai-s 
III whom the fistula passed from the esophagus to the left lower lobe bronchus 
A mptonis had been present fiom birth She was treated Iia left pnenmonectomA 
an c osure of the fistula There were associated Aaseular abuonnalit’es in this 
case A patent ductus artcnosiis was present in the usual position and there 
was a second ductus, arising from the aorta and communicating with the basal 
branch of t^he piilmonaiw arteiw This suggests that the dcAelopmental error 
inaA haie been of a different kind Irom that postulated for these cases and 
possibK of the kind which gnes nse to sequestration of lung a condition 
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descnbed bj Pnce, Selloi's, and BJair*' and no\\ tamdiai to most thoracic 
singeons Beman, Test, and McArt mentioned foui cases of fistula without 
atresia, of congenital oiigin, in then article,^® of uhch two are not included 
m this re’iuew These aie leeoided In WalteiV and Beiglund’® 


A 



B 

Pig 4 —Case 1 Radiographs showing pneumonitis in 
ISIS (B) In the later film there is a well-marked ca\ltj 
pneumonitis In the right mid zone. 


lung In 1942 (A) and 
left lower lobe and a 
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Flu 10—Case 2 Diagram of appearances at operation 



Fig 11 —Case 2 A photomicrograph of a cross section of the fistula, showing a muscular wall 

and n squamous epithelial lining 
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and the chest \r\s Teopened in order to control the hemorrhage As soon as this iras done 
a torrential hemorrhage took place, and he died within a few seconds Post mortem showed 
that the hemorrhage was due to rupture of an infective aneurvsm of the descending arch 
of the aorta Thi" had converted the pneumonectomv space into a false aneurvsmal sac 
The post mortem 'howed no evidence of disease which might have caused the broncho 
esophageal fistula Eiamination of the resected left lung had shown onlv chronic nonspecific 
mflammaton changes, with no evidence of tulierculosis, actinomvcosis, or neoplasm (Tig 8 ) 
Case 2.—A Sf-vear old woman gave a hisfori of enlargement of the thvroid gland 
for two to three sears, one lear before coming to the hospital, she had noticed a bad taste 
m the mouth, and for five months she had suffered from regurgitation of fluids from the 
esophagus, which had become worse in the previous two montlis. There was no clear cut 
historv of coughing on swallowing The simptoms were nttnbuted to the enlarged thvroid 
and thvroidectomv was earned out uueventfulli, but without relief of symptoms A bannm 
swallow was earned out, and this revealed a fi'^tula passing from the esophagus to the nght 
dorsal lobe bronchus (Fig 9 ) She was then referred to the Thoracic Unit Esophagoscopv 
showed a suggestion of the fistula 27 cm from the upper incisor teeth, n dimple in the mucosa 
tf bronchoscopi, there was likewise a suggestion of a fistula in the floor of a groove m the 
posterior wall of the nght mam hrouclius, just above the dorsal lobe orifice Eveept for the 
unequivocal demonstration of the fistula bv banuni swallow, its presence would not have been 
“uspecfcd at these endoscopies On Jan 23, 1953, a nght thoracotomy was performed wwth 
IP P"* 'n Ihe prone position The dorsal lobe bad a well marked fissure separating it 
rom e asal segments, and there were filmv adhesions over the dorsal lobe The fistula 
and b I-r*^** m^iiBstmal pleura There was no mflammaton reaction around it, 

the esonhir*^^^ a ^ dissected out wnthout diflicultT It arase from the lateral aspect of 
hroncl.as dorsal lobe 

attachLnt (Fir To/M'" and 0 5 cm broad at its bronchial 

esophageal attachLni attachment, and divided The 

hnen tLead suture* tTcM'T ’ mterrnpted 

ful recoverr, aith comTe! T 7''! drainage The patient made an uneient 

prolip, it ivals lined ,nth ^ symptoms The fistula, after excision, easih admitted a 

- I 'vas lined ,nth squamous epithelium (Fig 11 ) 

DISCLSSIOX 

Avhateiei axe aiail- 

'Iratliisknowi, ofUiV ” " 'r diagnosis oi 

anotlier died at' age Tn “Th T'"" ” - 

and the patients Lre W wk'Tb""'"' ^Jiagnosed during the fiist xeai 
"cro adults one a “Ton repoifled’“ and the other tAo 

rcinnm conetruuig which olT^’i a Aears=* Fifteen cases 

or 3 dais of jineumoiiia" anTl kiioini One patient died aged 2 

lonis-'^ n third had recurrent IttV'T months, and had lung smip- 

opornleduponat theaweof 4 vpan. T pneumonitis and ivas successfnlh 
of fistula high in the Thglotfie rcT' ^ ^ imusual tvpe 

coniplunted hi a histon of mitrrTT“^ ^ difficult histon of regiugitation, 
dosed 1)1 ImperatorU'’in a hoi of 6 successfnlli 

Haiixht has cuen a \»r\ f»i]) « 

d.tion in childhood and infanci andThT' «"pects ol the con- 

tl-c remaining eleion eases in which Tl' ,.r''T confined to 
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striking fact imniediateh emeiges fi-om these ele\en case histones that in onh 
tMo of them did SMiiptonis date fiom biith or earU childhood One patient had 
no s-vniptoms lefeiable to the fistula, in the othei eight, s^nlptoIns first occurred 
in adult life Fuitheinioie, s^ mptonis ot coughing of mgested food weie piesent 
fiom the onset in onh fiie ot the eleien, and weie not found at all in tuo 
These facts aie shoum diagiammaticalh in Fig 12 This is important, because 
It leads to dlfficult^ in diagnosis m the eaih stages, when the patient presents 
until recuiient oi cliionic attacks of pneumonitis, unless a fistula is suspected, it 
IS ^el^ unlikeh to be found accidentalh, and e\en if suspected, pioof oi its 
piesence is not easi to find suice the \er\ small oi fiees of the fistula m bionchus 
and esophagus make it \en difficult to see them, e\en uhen then appioximate 
location IS knouii, and uheii diligent seaicli is being made, also csophagoscopi 
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does not often fomi pait oi the nn estigation of cases of leciiiient imeumonitis 
The ke-\ ln^ estigation is an opaque swallou, using oithei a thin banum nurture 
or Lipiodol Swallows should also be earned out in the pi one position so that 
gra\ntv can assist the opaque mateiial to fiow foiuvaid into the tinchea oi 
bronchus Although it is impiobable that these fistulas aie at all common, it 
maj well be that thei aie a good deal moie common than the published repoits 
suggest, and it ma\ be ad\Tsable to include an opaque swallow in the imestiga¬ 
tion of cases of pneumonitis which aie lecuiient or refracton to treatment 
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CO^CGENTTAIi tracheoesophageal FISTTTLA 

ilanv of the fistulas descnbed, mcludmg the one m oia Case 1, have passed 
from the esophagus to the trachea above the carma It vronld he possib e o 
carr. out lobectomA and even pneumonectotnv xnthout discovering the presence 
of the fistvda, vrhich in these cases lies entixelv vnthin the upper mediastinuin 
in an area undisturbed during pulmonan resection If resection of a destroved 
lohe or lung ivere earned out in the pi'esence of such a fistula u-hich remained 
undetected then one vould anticipate progiessive iniection m the residual lohe 
or in the contralateral lung It mav be that this is the explanation of some of 
those cases of progressive pultnonarv suppuration folloiving resection irhich 
occur occasionallv m the practice of most thoracic snrpeal units 

The reasons for the late onset ot svmptoms m general aud of the pathog¬ 
nomic svmptonis m particular are ivorth consideration Jachson and Coates"" 
considered that the Sstnla is occluded hv a fold oi membrane which bleaks down 
in later hfe IVhile this is possible there has been no evidence of such a mem¬ 
brane in nil cases in both of which the fistula has been lined with squamous 
epithehum continuous from esophagus to bronchus The esophageal mucosa is 
normalh mobile within the muscidai coat, and moies downward with the 
bolus on deglutition But the mucosa is firmlv attached to the fistula, and 
tins will cause a fold of mucosa to develop and override the orifice of the fistnla 
as the bolus passes givmg some pi-otection against entzw of food particles into 
the fistula This mechamsm will also account for the difficnltv- of seeing the 
onfice of the fistula at esophagoscopv But there is no reason whv this mecha¬ 
nism should fad in course of time 

Another possihihtv is that the direction of the fistula upward or down¬ 
ward from the esophagus accounts for the vanation in the time of onset of 
snuptouis from one ease to another There is insufficient evidence in the case 
reports to support this theori 

It mai be that the explanation of the late onset of svmptoms in mam cases 
Is that the normal niohilitr of the esophagus in relation to the other mediastinal 
contents, and especiallv the bronchi is interfered with bv the progressive ad- 
erence of the affected lung to the chest wall and mediastinal pleura Adhe¬ 
sions form, and become mcreasmglv dense, with each of the racurrent attacks 
pneumonitis Eventualh the afi:ected lobe or lung will become firmlv ad- 
cren ° ^ chest wall and mediastinal pleura The esophagus normallv de- 
s on eg ntition and the esophageal mucosa descends in relation to the 

u-tiiT ^ ™ hing becomes fixed the free descent of the esophagus 

le res rittc at east at the point of attachment of the fistula The tend- 

sf ^ V'" P^II^d open hi this means while at an earlier 

as osonV^^ ^'^*1 1 ^ "’oienient ot the lung bronchus and fistula as well 
a fold logctlier the mouth of the fistula hems occluded hi 

StrUMARA 

tracheoesophageal fistula with and without 
atresia of the emphacus is renened "huout 
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The published leports of congenital fistula without atresia are summarized 
Two new cases of this condition aie repoited, both diagnosed during life and 
tieated hi direct tiansthoiacie approach 

The clinical historv and svmptoms ot eases of fistula wuthout atresia, intli 
special reference to the condition in adult life, are discussed 

Attention is diawn to the late onset of symptoms ui most eases, and espe- 
ciallj to the late onset of pathognomic smiptoms and also to the difficulties 
ot diagnosis 

A theori is adi anced to account for the late onset of sa mptonis 
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The \\ ell circumscribed, soft, spherical mass ivas 5 Cm in diameter The cut surface 
■was pink tan and somewhat gelatinous, with areas of hemorrhage and strands of fibrous 
connectue tissue Microscopic sections showed the “tumor” to be parth composed of 
spindle cells, associated iiith a loose diffuse network of adult fibrous connective tissue 



Fig 1 —-Case 1 
tJie right upper lobe. 

Fig 2 —Case 1 
scattered plasma cells 
Fig 3 —-Case 1 
Fig 4 —Case 1 
Pig 6 —Case 1 
tor> tumor (X635 ) 


Roentgenogram of the chest shoeing a sharplj circumscribed mass in 

The tumor Is composed of interlacing bundles of spindle cells ulth 
and hmphocjdes (X250 ) 

Macrophages and scattered small lnflammator> cells (X475 ) 
Aggregates of foam cells as seen here are not uncommon (X4 25 ) 
Plump spindle cells and plasma cells are hall marks of this inflamma 


The hulk of the mass was composed of plasma cells, mononuclear cells, and Iimphociten 
(Figs 7 and S) No mitotic figures were seen The patient was living and well seven 
Years after operatiouj and there had been no y ray evidence of recurrence 
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interiacing bundle^ of spindle cells and IiTaliiuzed fibrous connecti\e tissue Although 
these cells varied in size and shape and possessed atipical nuclei, no mitotic figures were 
seen (Fig 13) Interspersed among these elements nere scattered plasma cells and Ivmpho 
cites in rarring numbers (Fig 14) liests of foam cells Mere present The adjacent lung 
tissue eiliibited some fibrosis pigmented macroplinges and a few Imiphoci tes In the 
lear that elapsed after operation there Mas no eiidence of recurrence 


Fig 9 


Fig 10 



Fig 11 Fig 12 


Fig (,_Cage 3 This nell encapsulated mass ana golden jellow A hemorrliagic focus 

is seen on the left side. (X*) inflammntnri 

Fig. 10 _Case 1 Hjalinlied fibrous connective tissue fibers and scattered inflammato 

cells most of which are plasma cells. (X136 ) of this 

Fig 11 Case 3 Foam cells containing fat contributed to the leHovv colo o 

tumoV^ Sph^dle polvhedral and scattered Inflammatorj cells are also seen >^356 ) 
pjg. 12_Ca*ie 3 Thi^ area of tl\e ‘tumor contains numerous plasma ceiis 
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Pig 13—Case 4 
(X235 ) 

Fig 14 —Case 4 
meats (X23S ) 


Fig 13 Pig 14 

At> plcal flbroblaats ami inflarnmatoo cells compose the tumor 
Scattered plasma cells and l>-mDhocjtes among connecthe tissue ele- 


DISCUSSION 

Tiio of the foul cases clescnbed hnie been lepoited elsewhere,* * and a 
seaich of the medical bteiature foi othei examples yielded thiee additional 
cases ^ ° With the meieasing fiequenci of snigicnl remoial of ciicumscnbed 
pulmonaiy masses, uhethei neoplastic of inflammatoiy, it mat be anticipated 
that these supposedly rate lesions mil be discoieied in gieatei numbers 

The clinical and pathologic featuies of the seven cases aie charted in 
Table I It is leadily seen that all of the lesions iieie similai in that they 
tended to hate a prolonged couise, shoiied no piogiessiie ineiease m roent- 
genographie size, weie nell ciieurasciibed, and iieie chaiacteiized histologi 
eaUy by fibioblastie and endothelial oiganization of the diseased area, mth 
laimig admixtures of inflammatoiy cells Of paiticulai sigiuficance were 
the lesults of siugical lemoial foi extii potion of the tumor vas completely 
successful These tumoilike masses iieie uni elated to age The youngest pa¬ 
tient lias 51/2 yeais and the oldest, 41 yeare of age Roth sexes veie affected 
The majoiity of patients gaie a history of lespiiaton tiaet infection pre¬ 
ceding discoven of the intiathoiaeic mass The infection iias usually in the 
foim of pneumonia, pleuiisi, or lecuiient bronchitis In Cases 2 and 4, the 
patients had a definite histon of pneumonia pieceduig the appearance of the 
mass, and in Case 1, a negative x-iay film vns recoided foui months befoie 
the mass vas discoieied, mth a lespiiatoiy infection in the interim Hence 
it seems justifiable to i elate the mass to the antecedent infection 

The piesenting symptoms iieie chaiactensticaUy mild Most of the pa¬ 
tients had only model ate cough, which i\as nonpiodiictii e oi sbghtly pro 
ductive of mucopuinlent sputum Only one patient had chest pain Labora- 


V 
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torv studies ivere umfonnlv Tnttm normal limits and m no instance iveie 
nattiogemc organisms recovered from sputum oi gastiic ivashiugs 

The roentgenographic appearance of these masses ivas not diagnostic 
Most of the “tiimoi-s ’ vreie penpheiallv located, and onlv one vras on the left 
mde The upper lobe was aftected with approxnnatelv the same frequency as 
the lower The lesions appeared as opaque shai-piv circumscribed spherical 
masses with or -without eential cavitation The comhuiation of a history of 
plennsv, cough or hemoptvsis with the roentgenogiaphic appeal anee described 
nsnallv resulted m a clinical diagnosis of pulmonarv tuberculosm and the dis- 
eoi erv of “tnmor” at opeiation oi autopsv nas itsuallv unexpected 

PafJwloffW Fcatuns—Giosslv all the lesions nere sharply ciieumscnhed, 
spherical nodules from 2 5 to 7 0 cm in diametei The degree of eneapsulabon 
\aned The consistency of the mass depended upon the relative proportions 
of its components Thns lesions which were chiefly xanthomatous were soft 
and friable, those with a preponderance of plasma cells were moderately firm 
and granular and those with dense fibiosis were mhherv Two of the lesions 
neie distinguished hr cential cavitr formation but theie appeared to he no 
significant relationship mth the bionchi. None of the nodules nas diieetlv 
in contact mth plema 

Mieioscopicallv the most characteristic featme was the combination of 
scicial components These weie (1) spindle-shaped cells (2) vascular fi- 
bious connective tissue mth or imthout hvalimmng fibiosis, (3) foam cells 
with sudanophihe inatenal, and (41 chronic mflnmmntorv cells chiefly plasma- 
cries 

The spindle shaped cells tended to be aiianged m interlacmg biuidles, 
which although chavaetenstic of leiomvonm or nemofibioma ivere less well 
orgniii?cd th m those found in muscle oi nen e sheath tUDioi-s These cells had 
abundant pink staining cvtoplasm with vesicnlai or hvpeichiomatic nuclei, 
winch often e-diibited considerable lanatiou in size and shape Nevertheless, 
mitotio figures were absent These spindle shaped cells weie mteipretcd as 
fibroblasts There appeared to bo transition forms between these fibroblasts 
and the lo^s numerous macrophages Some of the lattci contauied biowni pig¬ 
ment which was readili identified as hemosidenn The amount of collagen 
appeared to rnrv wath the ago of the process Vaiving numbers of adult 
fibrocrtcs wore present In seieral instances the piedominance of fibrous 
components led to an initial diagnosis of fibroma In one lesion lasenlantr 

was such a prominent feature (Case 1) that the possibility of a lascnlar tumor 
hail to be c\fhided 


loam cells coutammg sudaiiophilic material when present weie often 
iiUorspovseil with fibroblasts thus gnmg an appeaiancc of “xanthofibioma" 
when these cells predominated Cases 3 and 4 were both reported as “xan- 
Ibonm In tins group the banal inflammatory cell constituents were less con- 
stmnmi. the conncotii e element well defined and the macrophages with fonmv 
or cramilar ectoplasm abundant 

I'hsma cells wore seen in varying number m all the lesions They were 
sc numerous m Case 2 that the lesion was originally interpreted as a plZa 
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cell tumor or plasma cell gianuloma, although Bnuin=' referred to it as an 
unusual benign tnmoi of “contradictory pathology ” Lymphocytes and other 
inflammatoiy cells u ere present in smaller numbers, connective tissue ele 
ments iv ere fewer, and foam cells ivei e absent 

The lung paienehyma adjacent to the “tumors” usually was not remark 
able Recent hemoirhage, possiblj'^ resulting from the suigical procedure, 
was commonly deseiibed immediately aiound the mass, and areas of fibrosis 
accompanied by maciophages weie sometimes noted 

DiagnosUc Considerations —The clmical features, such as antecedent re- 
spnatoiy infection, long duration without change m loentgenographic size of 
the mass, absence of lecurrence following suigieal removal, together with 
morphologic aspects, including circumscription of the mass, inflammatory fea¬ 
tures, fibiosis, and lack of mitosis, support the interpretation that these le¬ 
sions are the lesult of antecedent infection and are not neoplasms Although 
in some instances it was impossible to deteimine whether an infection actually 
pieceded the tumoi, in Cases 1, 2, and 4 the endenee that the fibroblasts and 
capillanes were pait of a hyperplastic repair process, lather than a neoplasm, 
appeared to be unequn oeal 


It IS apparent from a i enew of the literature and a study of the four cases 
reported heieui that these lesions aie usually interpreted as neoplasms when a 
particular cell dominates the histologic pietuie This is true of the xantho¬ 
fibroma repoited by Cseinnely^ in 1941, and of a similar lesion included in this 
senes If the fibroblasts or their cellular products form the bulk of the mass, 
the tumor of couise, resembles a fibroma Similaily, when plasma cells pie- 
dominate, the tumor may be classified as a “plasma ceU tumor” or “plasma 
cell gianuloma ” 

The microscopic appearance of the tumors fuither supports the theoiy of 
their inflammatory origin Fust, even when one ceU type predominates, such 
as the fibroblast oi plasma cell, the cells are sufficiently unifoim and legular 
in appearance that one would hesitate to associate them ivith neoplasia unless 
misled by the unusually cncumscnbed and fiim, gioss chaiacter of the tumor 
Sloreoiei, the admixture of othei ceUs, such as lymphocytes and bpoid macro 
phages, and the fiee inteimingling of all of these histologic elements are other 


tiaditional featuies of chronic inflammation and repair and are not uncom¬ 
monly found m chronic inflammatory lesions of the lung, such as unresohed 


pneumonia oi an oiganiziug abscess Finally, fragments of elastic fibers miy 
be demonstiated throughout the inflammatoiy “tumor,” in contrast to their 
aiiangement ui true neoplasms m which similai elastic lemnants are seen only 
at the extreme penphery, where replacement of the lung paienehyma is still 


incomplete ° 

We are of the opinion that all these “tumors” represent valiants of a 
postinflammatoiy lepaii piocess and are similar to the tumorlike pleuial masses 
lepoited by Blown and Johnson " Theiefore, they may be refeired to as in¬ 
flammatoiy pseudotuniois and aie to be carefully differentiated^ lot c ini 
colly and histologically, from true neoplasms, especially sarcomas ^ 
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SIBIJL^RY 

1 Fom postinflammaton ‘ tunioi-s” of the lung aie desciibed and com- 
pai ed ^vlth three similai ones fi om the literature 

2 Clinicallv, the lesions aie charaetenzed by a histoiv of mfeetion of the 
upper 01 lonei lespiraton tiaet and loentgenogiams suggestive of tubercu¬ 
lomas or vell-cii ciimscnbed neoplasms 

j 2Ioiphologicalh, they closely simulate tnie tumoi-s, such as xanthoma, 
\authofibronia, neurofibroma, fibroma, ioscular tumor or plasma cell tumor 

4 The most important anatomic enteria which should aiouse suspicion 
of postmflammatoiy "tiimois” aie generous numbers of inflammatoiT cells 
Mithiii the mass matuiity of the fibroblastic components lack of mitotic ac- 
tinti and remnants ot pie existing paienchyma throughout the mass in the 
form of elastic fibers 
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CILIATED EPITHELIAL CYST OF THE ESOPHAGUS ASSOCIATED 
WITH CAEDIAC ABNORSIALITIES 


Report of Two Cases 

O&c \R Crfech, Jr , M D , aad JDcHAEr E De B \ke\, M D 
Houston', Tex 


C ILIATED epithelial cysts of the mediastinum comprise an interesting group 
of congenital anomalies uhich aie being eneounteied mth increasing fie- 
quenc^ The commonest tipe is found in the legion of the tracheal bifurcation 
or mam stem bionchi Because these are thought to be demed fiom a pmehing 
off of a bud from the primitne trachea, thei are called bionchogenic cysts 
The second, less common type of ciliated epithelial cyst, which oeeui’s in the 
W'aU of or adjacent to the esophagus, has been vanously labeled "esophageal,” 
"foregut,” or "ciliated epithebal esophageal” cyst 

Characteiisticallv located m the lower third of the esophagus, these c%sts 
usually project to the right Histological]}, they aie composed of a bning epi- 
thebum of pseudostratified, columnar, ciliated cells restmg on a lajer of sub 
mucous coimective tissue, whicii may contain scattered tubular glandulai foima- 
tions and some smooth muscle Stratified squamous epithebum may also be 
present in some areas Since mani of the esophageal cysts are intiammal, the 
w'all geneiaUj' contains, m addition, muscle fibers which are derived from the 
esophageal muscular coats Plates of hyabne cartilage are occasionaUi found 
wuthin the wmlls of the cysts The lumen is filled with a giayish-white nscid 
fluid resembbng boiled starch There is no communication wnth the lumen of 
the esophagus 

The first report of an esophageal cjst is ciedited to Wyss,*' who, in 1870 
descnbed a tumor in the posterior wall of the esophagus, 3 8 cm aboi e the 
gastric cardia, the lining of the cjst was lost In 1913 Pappenheimer” col 
lected from the literature 14 cases of ciliated esophageal cist and added 2 of 
his own, and m 1944 Ranstrom^* reported 17 cases A lecent review of the 
bterature has disclosed 16 other eases,’ s.» » ^ s lo n 12 u i« 1 . w 10 22 makmg 
a total of 49 reported eases 

Reports of caidiac s^miptoms associated with mediastinal timioi-s aie ex¬ 
tremely rare In 1931 SaneibniclP® removed an epithebal cjst from the lowei 
thud of the esophagus of a 13-year-old boy who was suffermg from dvspnea, car¬ 
diospasm, and extreme cardiac irregxdaritj' PoUowmg removal of the ci st, these 
snnptoms disappeared Rawls and Ancona’’ lepoited a case of malignant 
hmiphoma that appeared as a smaU nodulai mass m the left mediastinum 
ncai the pulmonai'j hilum The patient had paroxysmal auricular fibrillation, 
which disappeared aftei the tumoi responded faiorabh to radiotheiapi 
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1 A Oblique ana B lateral roentgeDOgrami ot the ^ posterior 

mediastinal denaltj at the letel of the ninth thoracic hertenia. 


RCTORT OF CASES 

( ssr J —C D , a tS tcst olQ irlutc man, tvas admittod to the hospital on March 8, 1951, 
for m\c ligniion ol n mediastinal tumor situated bettveen the esophagus and the heart. A 
meilunlinal «hadoir was discoierod during Tocatgenologie examination of the upper gastroin 
tf linnl tnet, which disclosed the presence of a prepylone ulcer crater 

I’in-sical exanunation failed to reveal any abnormality except frequent premature 
c irdnc beats Itocntgcnograpbic examination of the cheat demonstrated a rounded, sharply 
rirouin'-cnbed mass about C era. in diameter along the posterior cardiac border in the region 


Lead I 



FI 5 2A—Case 1 EJlectrocurdlogramH taken preoperatively ahowinff auricular and ventricular premature beats 
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of the right auricle uud uiiparcntlj contiguous to the lieart (Fig 1) On fluoroscopj, the 
mass moMd uuth cardiac contractions and, vntli banum in the esophagus, displaced the 
esophagus to the loft, indenting its nght anterior nail An electrocardiogram at that time 
showed frequent auricular and icntncular premature heats and ST segments suggestive 
of miocardial disease (Fig 2A) 

On March 13, 1951, exploratory thoracotomy was earned out through a right posterior 
lateral incision, the chest being entered through the bed of the seventh nb Ectraction of 
the lung anteriorly revealed a rounded mass within the mediastinum between the heart and 
esophagus at the level of the ninth thoracic vertebra. The mediastinal pleura over the mass 
was incised, and, on dissection, the cjst was found to be adherent to the pericardium over 



1 


T - - -I 



ijfr 5_Case 2 Ijlcctrocardlorjrnm taken before operation showing T wave chnnBCS In Leads 

Vj V 4 and A c 

the right atnum but lying within the esophageal wall Mobilisation of the cyst necessitated 
opening of the pericardium The esophageal musculature was incised, and the cyst vvM 
removed by blunt and sharp dissection, there being no conimumeation with the lumen 0 e 
esophagus The esophageal musculature was then reapprovamated, and the incision was c os 

Postoperatively, the cardiac rhythm became regular (Fig 2B) ConvalesMnco was 
uneventful, and the patient was discharged on March 20, 1951 "When last seen 
montlis after operation, ho had no cardiac symptoms except for occasional episo es o 
paroijsmal tachycardia. 





























C—C'li'o 2, o The UU pn tcrln** incision, h Relation of evst to heart, 

<har' r itmi an 1 i ulmnnar' rrmi c lJctfn*ion of loniritudfnai mu<clp fibers o^er cyst Indicating 
Sl’i inlr’irrnral Icnritlon d C'«l Nine f-tparatM from sobmuco^ 
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Pig s —Case 2 Photograph of press specimen. 
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Pathologic report Grossly, the cjst was oval and approximately 6 cm in its 
long axis Its external surface was wrinkled and grayish yellow (Fig 3, A), its 
Iming smooth in parts and rough and papillary in others It contamed viscid, dull white 
material. The wall of the cyst, which varied from 1 to 4 mm. m thickness, revealed 
microscopically a moderate amount of smooth muscle fibers running in a longitudinal and an 
oblique direction. A moderate amount of edematous stroma was present The inner lining 
consisted primarily of a single layer of compressed epithebal cells, although in a few areas 
definite pseudostratified columnar cibated epithelial cells could be seen (Fig 3, B) The 
pathologic diagnosis was developmental cyst of esophageal origin. 

Case 2 —M D , a 30 year old white man, was admitted to the hospital on March 4, 1953, 
for investigation of a retroeardiae mediastmal tumor discovered on routme roentgenography 
of the chest Upon close questioning, the patient admitted having rather mild pains in the 
retrosternal area which radiated to both pulmonary fields 

Physical examination revealed no abnormabtios except a Grade II aortic systobc 
murmur Eoentgenograms of the chest exhibited an oval density lying behind the heart 
and to the left of the midlme at the level of the ninth thoracic vertebra (Fig 4, A) 
Fluoroscopic examination of the esophagus following ingestion of banum showed indentation 
of its left anterior wall by the mediastinal tumor (Fig 4, B) An electrocardiogram revealed 
T wave changes in Leads V„ V,, and Vt indicative of myocardial disease (Fig 5) The 
esophagus appeared normal on esophagoscopy 

A preoperative diagnosis of esophageal cyst was made, and, on April 2, 1953, exploratory 
thoracotomy was earned out through a posterior lateral incision, the chest being entered 
through the bed of the left seventh rib Exploration revealed a cystic mass within the 
postenor mfenor mediastinum extending from the left infenor pulmonary vem to within 
2 to 3 cm. of the cardm (Fig 6) The pulmonary ligament was divided, and the 
mediastinal pleura was reflected The cyst lay witlim the wall of the esophagpis and was 
intimately attached to the pericardium over the left atnum. By its projection to the left, it 
was snugly interposed between descending aorta and heart The cyst was removed, along 
with the muscle fibers adherent to its outer surface, no communication with the esophageal 
lumen being found The esophageal musculature was then reapproximated (Fig 7), and the 
thoracic incision was closed Convalescence was uneventful, and the patient was discharged 
on April 8, 1953 An electrocardiogram taken three weeks postopemtively mdicated improve 
ment in the abnormabty previously noted, however, the aortic systobc murmur remained 
unchanged 

Pathologic report Grossly, the specimen appeared gray brown m color, measured 
6 by 4 by 4 cm., and had a smooth, glistening external surface (Fig 8) The wall of the 
cyst measured 0 1 cm in thickness, and was of even width, it consisted microscopically of 
dense hyalmized fibrous connective tissue that was acellular m places The bning epithebum 
was composed partially of flat cuboidal cells and partially of pseudostratified cibated cells 
In some sections hyalme cartilage was present in the wall of the cyst (Fig 9) The lumen 
was filled with a homogenous gray gelatinous substance The pathologic diagnosis was 
ciliated epithebal mediastinal cyst 


DISCUSSION 

Several tlieones have been advanced coneemmg the genesis of these medi 
astinal cysts According to Bremer,* gastrointestinal cysts arise as diverticula 
from the primitive gut during the 20 mm stage of the embryo These out- 
pouclungs of epithebum may come to be in the submucosa, between the muscle 
coats, or outside the gut wall and, when separated from the lumen, become cysts 
Others are of the opimon that these anomabes represent congenital tracheo 
esophageal fistulas that have become occluded anteriorly and posteriorly Maier” 
has labeled all cibated epithebal mediastmal cj sts as hronchogemc, although he 
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admits that some of the esophageal crsts mav have a separate ongm Eanstrom 
reported two cases of esophageal evsts, each of which contained a mnscnlans 
mncosae beneath the ciliated epithebal lining Since the trachea has no mvs- 
cnlans mucosae, he concluded that these evsts must hare onginated in the 
esophagus 

The sinulantr m histologic structure of esophageal and bronchogenic ersts 
mdieates a common origin The fact that hoth trachea and esophagus arise 
from a common anlage the pnimtive pharmx or tracheogular pnmordium, 
suggests that these two trpes of ersts hare at least a common time if not a 
common site, of ongm It is probable that at about the time of separation of 
trachea and esophagus (■! to 5 mm. stage) tissue fragments are sequestrated 
which coutam either multipotential cells or hoth entodenual and mesodermal 
components At this stage hoth esophagus and trachea are lined mth ciliated 
epithelium Fragments near or attached to the trachea remain associated with 
the tracheobronchial tree and comprise the bronchogenic group of ersts whereas 
other sequestrated groups of cells m the wall of or near the esophagus become 
esophageal ersts The rapid elongation of the esophagus which oeenrs at the 
time of descent of the heart, accounts for the derelopment of many of the ersts 
in the lower third of its length. 

The anomahes which hare been desenhed are not to he confused with the 
enterogenous or gastrogenous ersts occasionalJr found m the mediastmnm often 
attached to the esophagus These ersts generally contain aU the normal struc¬ 
tural elements of the stomach or mtestmal tract, including a functioning lining 
epithehum Bremer^ referred to these anomahes as duplications rather than 
direrticula 


Cihated epithebal ersts, whether bronchogenic or esophageal, appear to he 
''lowlr growing tumors which, m the absence of infection rareir produce srmp- 
toras Host of those reported hare been discorered incidentally either at 
necropsr or during routme roentgenographic examination of the chest Bron¬ 
chogenic ersts located about the tracheal bifurcation, particnlarlr in the snb- 
cannal region mar produce serere rcspiratorr srmptoms m the child, and cysts 
in the esophageal wall mar cause partial obstruction of that organ 


E\en in the absence of srmptoms, surgical exploration is indicated for 
lesions presumed to be mediastmal ersts, since a definite diagnosis is impossible 
)v other means The treatment of choice is primary e-xcision of the erst, which 
ha-s proicd both safe and practical Sauerbruch,*'’ m 1931, was pe'rhaps the 
iNt to perform pnman remoral of an esophageal erst Prior to that tune 
the fci\ patients ojicratcd upon were treated hr marsupialization of the erst' 
with rcmoi a -ub.cqucnth Frequenth. both longitudinal and circular muscle 
aecr. miusi be dmdeel in order to expose the ersts, if ther he m the submucosa 
pi'TsionalU the muscle fillers orcrlnng the erst must be excised if ther are 
c herent these lesions do not communicate with the esophageal lumen,' ther 
nn usinlU be remoAcd inthcnn disturbmg the mucosa. 

r 1“ oo the possible relot.omhip beheeei, the 

r.lsoessdne c,s,s end ,Ue e.rd.ne oWmnl.t.es m 
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heiein reported In the first (CD) the tumor lay behind the light atimni and 
fioni this position mai Iiaie eompressed the legions of both the sinoauiiculai 
node hung at the junetion of the supciioi lena eava and the right atiium and the 
aiiriculoientiieulai node at tlie base of tJie inteiauiieular septum Concenabli, 
this pressuie from the cist inai have set up aberrant stimuli ivliieh icsulted in 
the prcmatiiie beats On the other Jiand, it has been demonstrated tliat caidiac 
eontiactions niav be initiated from any section of tlie heart The iiiegiilariti 
of cardiac rliythm mai haie arisen, then, from an aiea of the auiicidai and 
ventricular trail in contact ivith the cyst and not from the nodal aica It should 
be pointed out, however, that theie is hardlv moie than suggestne evidence of 
a causal relationship bettteen this cvst and the caidiac abnormalitt The 
etiologt of pieniatuie beats is not alttays apparent, and the cause for then 
disappearance maj be equallt obseiu e, so that a cansatn e role cannot be assigned 
to ant single faetoi unless the evidence is definite 

In the second case (JI J ), the prcopciatite electiocaidiogiam ttas abnormal, 
and although postopeiatne tracings showed some impiotement, theic is no real 
etudcnce that removal of the ctst was responsible for tins, since bed lest alone 
may result m disappearance of tins tvpe of electiocardiogiaphie abuoimahtt 
Further follott-up studies arc needed to establish definiteh the relationsliip of 
the mediastinal tumoi to the caidiac abuormaJitj 


SUMMABV 

Ciliated epithebal C3'sts of the esophagus, though compaiatnelt laie, aie 
being leeoginzed nith incieasing frcqucnev Reports of 49 cases hate been 
found in the literature Even rarer are reports of cardiac symptoms associated 
tnth mediastinal tumora We were able to find only 4 such cases in the 
literature 

Ttto cases of ciliated epithelial esophageal cj'sts ttith associated cardiac 
abnormalities treated surgically arc presented The anatomic pmximiU of the 
etsts to the heart and the elcctrocardiograpluc retersion toward normal, follott- 
ing excision of the evsts, suggest an ctiologic role of mediastinal tuinoi-s in the 
production of cardiac abnormalities 
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On Jan 2*5, 1253, tlie pntjent Tvas taken to the operating room, and under Peatothal 
curare nitrous oxide anesthesia, -ivitli the patient in the supine position, the chest ivas 
opened bv a niidline sternotomi incision, which was extended bilateralh into the right 
and left third intercostal spaces Later in the operation, the incision was extended into 
the neck in the niidline to the lei el of the hvoid bone (Pig 2) 

The superior mediastinum was then explored On the left side, a multilobed string 
of tumor masses was noted to cross anterior to the arch of the aorta Exploration re 
1 ealed that the course of these masses was consistent with that of the left i agus nerve 
Supenorli, the upper extent of these tumor masses was at the level of the carotid bifurca 
tion Above that lei el, the short remaining trunk, of the left vagus nerie appeared 
normal Infenorli, the lowermost mass lai behind the pulmonarv hilus below the origin 
of the left recurrent larvngeal nerve This segment of tumor masses, about lb cm in 
length, nas completeli removed without difUcultv Exploration of the right side of the 
mediastinum rci ealed that the right lagus nerie was afflicted in a similar manner The 



__ 

Pip 3 — Ippearnnce at operation of tlic neurofibroma of the right lagus nerie located bolilml 

the superior lena cnia 


lowest niaxs on this side iins the cize and shape of a hen’s egg, and lai behind tlie 
superior i ena earn met as it entered the right atnum Superiorli, this mass terminated 
in nonnal appearing lagus trunk at the level of the right subclavian arteri, a few milii 
meters below the origin of the right recurrent Innngenl nerve (Fig 3) Just aboio this 
short segment of grosAi normal ingus trunk and proximal to the origin of the right 
reeurrent neree, iioweeer, another tumor mass insohing tlie can tea) lagus trunk was 
evident The lower tumor ins remoeed bv amputating the vagus trunk supenorlv 1 or 
2 mnu below the origin of the nght reeurrent nerve and infcnorh ju«t liclou the tumor mass 
Be so presoning the nght recurrent Inmigeal neree, it evns neeessarv to leave one remaining 
uourofibrom'i undi''tiirbed in tho iioc^ on tUis «idv 

The pitient tolerntcd the procedure well, except for nn abrupt m puNe rate 

from a constant SO to 110, and a drop in blood pressure from lOO to 140 at the time of 
seecrance of the second engu« trunk. Attcr tins, the blood pressure «loevlv rose to 110, 
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which were prc'icnt for two or three months after surgery, ha\e now disappeared, but a 
niodernte diarrhea (four to six stools each dav) still continues one rear postoperatiiel\ 
He IS now able to work a full dar on the farm, hut states that he molds “hear v” work 
Although his neck appears to ha\e some fullness to gross inspection, the tumor mass in 
association mth the ceriieal trunk of the right \agus nene is still not palpable one rear 
after surgen (The fact that there is no palpable enlargement in the right cen ical 
region is probabh because of the soft consistencs of the tumor mass and its position deep 
to the sternocleidomastoid muscle ) 


mscussiOA 

Xeaih all neuiogemc tumois of the mediastmuiu aiise from the paia- 
teitehial simpathetic neite timiks and the inteicostal neites, theiefoie, thet 
aie nsiialh fonnd in the posterior niediastinuni In iimisual eases, such as in 
the patient heiein lepoited, thev mar arise fioni other neri es and thus may be 
encouiitei ed elsett hei e in the mediastinum 

It IS of mteiest m this patient that preopeiatn ely, at a case pi esentatioii 
seminal, an e-vpeiieueed consultant in chest diseases questioned the need foi 
thoracotomi in this patient because the loentgenographic appeal aiice and the 
location of the masses iieie consideied pathognomonie of lymphoblastoma 
It has been oni opinion, hoiieiei, that the lelatiye safeti that attends thoracic 
suigical pioccdures has outmoded, m most instances, the use of the therapeutic 
test dose of ladiatioii that i\as suggested hi this consultant as n means of 
diagnosis luithei, thoiacotoniy not only peimits an aceniate diagnosis in 
such cases but pi e\ cuts the occuiience of tissue changes seeondan to iii- 
ci easing eompiessioii ot adiacent oigans that maf make subsequent suigieni 
remoyal of e\en liemgii lesions moie difficult oi eicn impossible Likewuse, in 
certain benign tumoi-s it is possible that icmoAal unll forestall later death 
caused l)^ malignant transfoimation 

■^NTien it liccame appaicnt, at the opeinting table, that the ^agns uencs 
yeie imohed bilateially mth neurofibioniatoma fiom the lei el of the carotid 
bifui cation in the neck to below the oiigm of the lecuuent iieiics distally, 
the decision was made to icmoie the tnmois completeh on the left side (where 
the ceiMcal masses weic laigci than on the light side) thus sacrificing the 
left lecmieiit laiiiigeal nene, and to lenioie all the tumor iii the right 
niediastinnm (wheie the masses weie laigei than on the left side) np to the 
oiigin of the light iccuiiciit nene This necessitated leanng at least one 
tumor mass in the right side of the neck the lowei pole of which was located 
at the lecel of the light suhclamnii arten “sexeial considerations enteied into 
this decision To i cmoi e completely all of the tuniois w ould hay e necessitated 
hilateial sacufiie of the leciiiicnt lamigeal nen es, which is incapacitating 
seceial consequences make hilateial loss of the leciiirent lamigcal iienes a 
fai more ciipplmg luoecdnrc than nnilateial lemoial Fii-st, theie is loss of 
speech second plnsical actnity is sc\elel^ cm tailed due to innhilitc to in¬ 
crease 'lentilaton loliime Iiccause of ohstiuction to air flow by the pninh^ed 
cords ami finilh thcie is the ohnoMons “crowang snoie” winch is legularh 
present diinng sleep Otliei considcintions weie that the tumors aiore 
probabh benign and that one recurrent nene could he spared, and aet all 
the intrathoracic tumors could he renioaed leaaing only the one nenrofihronin 
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remaining m the neck where it could be folloi' ed hr palpation and attended 
to surgicallj with relative ease it the need should anse later 

PHYSIOLOGIC CONSIDER ITIOXS 

It IS hkelv that a faiilv complete mteimption of the paiasvnipathetic 
mnenation to the heart and lungs (as well as to the abdominal viscera) vas 
achieved m this patient theietoie, it seemed peituient to assess some of the 
effects of this procedure in this patient 

Bilateral section of the lagus neiies m the neck is said to be uuifornilv 
latal in lahoratoiv animals because ot its effect on the eardiorespiratorv 
organs- ^Markointz^ stated houeiei that in the dog if the right vagus 
nene is sectioned belov the origm of the lecurrent laivngeal nene, the left 
vagus nene niav be sectioned in the neck inthoiit fatal outcome The piesent 
case confirms m man this latter obsen ation 

The difSciiltv that oiii patient had with letaiiied secretions (requiimg 
tracheotomv) houeiei suggests that the protectne leflexes of the respiiatoii 
tract are serioiislv, but piobablv temporalilv impaired bv lagectomv at this 
In el There are seieial possible explanations toi these observations Action 
of the cilia is said to be mdepeudent of nervous control but the efSciencv of 
ciliarv action is dependent m a laige part on the charactei of the mucous 
secretions of the lespiraton epithebum It is quite possible that the secretions 
are adverselv influenced bv lagotomv as also mav be bionchial penstalsis * ® 
It is also likelv that parahsis of one recuirent larnigeal nene, with the 
associated vocal cord paralvsis senouslv mteifeies vnth the efficiencv of the 
cough reflex because of the vnitual impossibihtv of mauitaining a closed glottis 
against which to expii e forciblv and then suddenlv opera as occurs normallv 
in the act ot coughing The obseivatiou bv Kuntz’ that the cough reflex mav 
le elicited bv stimulation of the vagus fibers distiibiited to anv part of the 
rcspiraton tree and the experiments ot Cionier and associates' wherein it 
bilateral section of the vagus neives niaikedlv reduced the 
n~ 1 reflex which was manifested tollovnng the lusufflatioii ot ammoma 
apor into the trachea ot expeiimental amnnls emphasize additional reasons 
or his patient s diminished cough reflex 

In view of the extent of the vagus resection and the known vagus path- 
^ 1^ heait It IS likelv that the heait was viitiiallv conipletelv deprived 
miierv ation while its svmpathetic innervation remamed 
im/ f fast pulse rate still present one vear alter snrgerv, 

Mintinv-t 4 ' itropine (1/100 giaiii) to increase this rate add further 

m this ? conehision ^loreov er it is a finding ot particular mterest that 
•Insfoli 17 *'”^"'* ' extensive cervicothoracic vagectoniv both the svstohe and” 
driri/ , prexsiiris have remained for twelve months now persistenth 
b'nc,u, alH,nt20mn. Hg abov e their preoperativ e lev ek 

'ffnt liTf opportumtv offered bv this case for stndv of the 

Chapman-ha?e 

^•')>onw to ,xenr cirdne rate blood pressure and cardiac output in 

-^ four months after snrirorv The results of these ohserva- 

of Vl-sllclnr LnKcr^lt^ ot Winno.ota Me,Heal School 
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tions aie lepoitecl in detail elsei\heie/“ Init m summaij seieial mteiesting 
obsenations weie made, as follows m the lesting state the patient had a 
persistently high pulse late (120/miu ), this late mcieased m response to 
exercise The magnitude of tlus uieiease in pulse rate, however, was distinctly 
less than noimal On the other hand, the responses to exeieise of the cardiac 
output blood piessuie, and ciieulation time were all vnthm pienouslj oh 
served normal limits foi the work load used 

These obseivations add fuither evidence that man has nonvagal media 
nisms foi iiieieasing caidiac rate and caidiae output m response to exercise 
The fact that the magnitude of the increase of the cardiac output in response 
to graded exercise was normal m this patient, vheieas the pulse rate inciease 
y\as less than normal, indicates that readjustment iias brought about in pait 
bv an mcieased stioke yolume These studies also complement those of 
Snuthyynck and associates,“ yyho foimd that sympathetic deneiration of the 
lieait 111 man unifoimlv lesulted in a sloyying of the heart rate and a reduction 
of the pulse rate increase in response to exercise 

SITMMARX 

A case of bilateral ceiyicothoiaeic neuiofibiomas of the ragus nenes 
yyithout cutaneous nemofibiomatosis or emdence of neniofibromas elseyrheie 
in a 40-veai old man is piesented The suigeiv peifoimed in lemoynng these 
tumors involved an cxtensne cemcothoiacic yagectomy', intentionallv saciificiiig 
the left lecurient laijmgcal nei\e but pieserying this nene on the light side 

Postopeiativelv, some phj'siologic obseiyations hare been made upon the 
effects in this patient of eeiyncothoiacic yagectomy upon caidioiespnatoiy 
function These alterations m fimction consisted of a dimiiushed cough leflex 
peisistently elcyated pulse late and blood piessuie, a noinial eaidiae output 
yyuth a normal response to exeicise, but a diminished pulse rate response to 
exercise, and a lack of any detectable response of this elerated lesting pulse 
late to a therapeutic dose of atropine Some of the phy'siologic implications of 
these obseiyations aie briefly discussed 
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A itCTHOD FOR ^klEASL'RIXG TIDAl^ .VAD ^vIIFiFTE VOL\IMES IN 
PATIENTS LNDER REGIONAL AND GENERAL ANESTHESIA 


SvMIjEL Z^^BERG, !MD , AND N K Jensen HD 
illNN'EADOUS, !IL\*N 


T he (letei nniiatlou of tidal and minvite ^ollnlles in the anesthetized patient 
requires the introduction of the inensmuig nietei hetiveen the ciicle-flow 
sistcm of the gas anesthetic niaeliine and the breathing mask oi iiitiatracheal 
tube This is neecssun because the lolunie of gas flomiig in the affeient and 
(ffcrent hiiihs of the ciicle si stem of the anesthetic machine beaisno fixed lela- 
tion (o the lolumo iiioied in lespnation of the patient This same situation 
peitains in “to and fio” sistems to a somewhat less degiee hut still of snf- 
fiiient magnitude to leqiine special aiiangement of the ineteinig 

The luaioi leasou foi this is that the concentiatioiis of the laiions gases, 
such as N-O. and 0, in the anesthetic miNtiiie, me maintained In allowing 
wide inaigms of tscess flow of these gases to entei the si stem at constant lates 
with the (Mess escaping at the machine end of the eshalation side of the anes¬ 
thetic tiihing Othei spill oiei methods me also nsed hut all allow the flow 
of sirdilc quantities of gases which haie no paiticipation in the respuatiou 
of the pilicnt tluongh the anesthetic niaehnie 

Tlu sc<ond lequircinent foi simple diiect meteinig is the dmsion of the 
innai into iiispnntoii and espiratoir cnaniiels without the inteiposition of 
am dend an spite oi losistancc to flow This allows nietemig to he acconi- 
filislied 111 the tiieasurcmcnt of a umdiicotioiinl gas flow 

The introduction of a propeih sailed encle sistem between the orifice of 
till gas niadiiiio tubing and tlic patients mask oi nit i at radical tube wall 
a((<iiiiplish the dnision of the flow into inspnaton and espnatoir channels 
riiosc cininuls ire ninfrcctcd bi the flow oi piessuics occurmig in the anes 
Ihetn inadiino or Its tiihni”' The flow in this sistem will be entiicli dependent 
iqmn the lohinie of jns eiiteniig mid leaiiiig ihc patient’s an was (Eec 
I itr 1 ) 

Tins sdiematii dingnm Ins pnr()osc]i simplified the gas maehiiic omitting 
it'> lahiiin soda hine iiiir nifiou channels and imiible ]ncssnie escape poit 
Die tud < Jianiiels nitcipnsrd between the gas maelunc and the intiatiaehenl 
tnbi in 1 ill id sn tbit n the pressure on tlu gas iinehine side uses ahoie 
I n iiitntndu-il pusMire the mile on the iiispiratoii hmh opens whereas 
th. 1 di. on tlu (ipirstoii Imil, doses nlloiimg gas to flow tioiii the machine 
tbromili tb. mspii ,tori side info the lungs A leiersal m piossuie relations 
d^tb, iiispiritori 1 die ,ml opens (h, mpmtoii i die to allow gas flow 
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{.“"A sImpUfled scheniatJc drawing of a closed anesthesia circuit with the gas meter 
either the Insplratorj or explratorj arm The meter records onl> the actual \oIunie of gas 
tliat the patient Inspires or expires regardless of an> leak in the gas machine 



Fig 2—Circuit Including gas machine \nl\c gas meter and patient 
*»chematicall> represents an> standard gas ano^th*»«*la machine- The \al%c po‘^ltIons jnnicatc 
the cxplmtorv phase of respiration 
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Ur cii n uni nunlng th b ick \ulv» In th«- direction of the arrow thus opening the back ports 
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thioiTgh the eNpnatoi-j limb Because theie is a]i\a'\s a slight piessiiie giad 
lent in one cliiection oi the othei acioss this si stem, one of the lahes is al 
wais elosecl, and ending is aioided 

Fig 2 IS a schematic diaiMiig designed to show the lahmg It again 
gieath simplifies the gas machine and is inaccniate in depicting the intia 
tiacheal tube connection The channels leading into and out of the hioken 
line ciicle lepiesent the gas machine tubing Note that they communicate 
thiough the lalie block uithoiit am lahing The lalves aie aiianged to 
allou flou out of one tube to the patient when the piessiiie in the tiachea is 
less than in the machine The flow is thiough anothei tiilie when the intia 
tiacheal piessuie is higliei than in the machine si stem The diagnm depicts 
the inflow and outflow tube joining befoie meeting the intratiacheal tube 
This IS in eiioi, as it would mateiialh inciease dead space In actual applies 
tion, these tubes aie standaid anesthetic tubing oi one-nich fle\iblc but ngul 
smooth-boic plastic tubes attached to a standaid intiatiacheal fitting oi mask 
fitting The metei is shown here in the expnaton side which ls piefeinhle 
The lahe block is of cleai plastic, allowing Msiialization of lahe action at 
all times* The \ahes aie iiibbei-faced giaiitj tipe made of biass disks 
hinged at one point The block should be made so that it can lie disasseniblcd 
foi seiMcing and cleaning but it must be an tight 

■METERING 

tie ha\c found tlint the ordinan \olume displacement meter (manufactured hi the 
American Meter Compani) of the tiTie used b\ most commercial gas companies for dnoll 
ing installation is len satisfactori The American Afeter Compani rates these meters as 
being accurate within 0 per cent and ofTenng resistance of 0 25 cm HO at 9 44 liters 
per minute Our measurements slmw them to he accurate within 1 per cent and to offer 
less than 1 cm H O resistance at flows less than 00 liters per minute These meters are 
encased in opni|ue metal boxes and a description of the structure of such a meter nmi 
be found in the literature i 

These meters record in cubic feet For coiixeiiieiice a long hand was substituted for 
the conventional index on the one half cubic foot “cale, and a large dial calibrated in liters 
was placed behind this hand For iniiiute xolunie studies a stop watch must be used with 
the meter for timing Tidal xolumes max be rend dirccth from the liter scale 

The meter max be placed in either the inspiratorx limb of the circuit or the expiratorx 
side The litter is preferable if positive pressure nssisteil or controlled respiration is 
carried out ns mix leakage of the mask or about the intratracheal cuff will occur dunng 
the positixe pressure iiispiratorx phase 'stead and associates" subserjuentlx adopted this 
sxstem of dixided airxvnx and metering in studies on patients undergoing thoracic surgerx 
Thex found no appreciable difference in minute xoliime readings from placing the meter 
in either the inspiratorx or cxinrntorx arm of the (iroiiit with a tight fitting intratracheal 
tube 

For exalintioii of this s\-stem and iis a bisi liiii for furthi r studies, normal subjeits 
under lot al or spmil nncsthe«n were studied These patients were all fiillx conscious, had 
no nirwax ditbciiltRs and experienced no spnse of dxspnen or showed anx increase m 
respuatorx rate or effort wink breathing through the crpiipment bx means of a tightlx 
fitting fuce mask 

• sticking xalxi allows to ami fro motion iirwluclnir a larne ilend epao of real Inzanl 
to tliL pixtiing 
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\ pa- ma.hinc ^^-a- not u-M in tlie.e subject-, but nthor tlie port.- on tUe valve blovk 
nlur. th, pa- raa.lunc tubing attadie- ivere left oi«n to evcbange room air Minute vol 
ume in the-e -object- ranged between o 02 liters per minute to s 22 liters per minute van 
inp with the -ire of the subject bis pain, and anxietv 

A -tud\ of nonnal -uliject- under general ane-the-ia having abdominal or estremitv 
uT„cn u-inp either a t phth fitting fan ma-k or a cuffed mtratncheil tube -bowed minute 
lolume- rani^^ing from S 22 liter- per minute to the woefullv inadmiuate figure of 0 So liters 
per minute depending upon the depth of anesthe-ia and eflicienci of re-piratori assistance 
proiided h\ the anesthetist 

CONCLE SIGNS 

1 Accurate tiilal and minute volumes mav be dctennined bv piomdiug a 
doiible-tliannel aim at properh talted to avoid to-and-fro dead space and bt 
separating the flow into an inspiratorv channel and on CNpintorr channel 
The respnatiirt auwat mav be divided into luspiiatoix and expiratorv chan¬ 
nels bv jiropei vaKing of a donble-channel aiiwav without meieasuig to-and- 
Ini dtad sjiace 

2 Tins svs-tcm mat be attached to a tighth fitting lace mask or cuffed intra- 
inclital tiilic and the flow measured m either channel bv an aeciii’atc low mi¬ 
lled met metei foi the eletermmation of tidal and mmnte volumes m conscious 
01 imtonsemus suliiects 

^ This svstem mav lie mteiposed between the outlet of the ustial gas 
madimc tuinng of cither circle or to and-fro svstems without disturbing the 
gis flows oecnrnug in the gas iiitichine oi its tubing without inteifeiing in 
anv wav wnth the anesthetist s management ut lespiratiou and without le- 
((irdmg inv v olumes CNcept those actualU e\thanged bv the patient 

4 An ordinan volume displacement metei ot the tvpe usuallv used bv 
I ommernnl public service gas compniues foi dwelling installations manufac- 
tuicd In the American lletei ( ompaiiv is admiiablv suited tor measmements 
ot this inline licmg sufficientIv acciiiate and having ven low flow lesistancc 
> Minute volumes uiidei low s])mal anesthesia and legional anesthesia are 
will maintained m the normal phvstologie range whereas with general aues- 
tlnsintlnv freciucntlv fall to dnngcrouslv low levels 

b (imtnnmus mcasiinmeiit in minute volumes is essential foi the intu- 
piit ilion „i ,ht 1 ichtmg to the oxv genation andiaibon dioxide climmihon of 
-nbp.ts under general uiesthesia 
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STAGED AND SBIULTANEOUS BILATERAL PULMONARY 
RESECTION FOR TUBERCULOSIS 

NoR3iA>r E Shij jnvAT, JI D , P Johx Le\\ is, M D , Berx.vrd Zimmerjianv, 
M D , AND D Stuart P Welvtherhead, j\I D 
Anoka and Minxe\pous, Minn 


T he flequeuc^ of bilateial pulniouai\ tubeiciilosis aud the development of 
puIm.onal^ lesection as a foim of suigical tieatment provoke consideiatiou 
of hilateial lesection The bilateial approach can be earned out either iii stages 
01 simultaneously The expeiieiiee to be leiiewed in this lepoit is compiised 
of tivehe staged aud thiee simultaneous pioeedmes Fifteen patients uiider- 
ivent a total of ti\ entj -sei en opeiations i\ithout any deaths 

Piilmonaij leseetion foi tubeiculosis suiee the liist successful planned 
lobectomy in 193-1 has enjoved an iiicieasing and deseived populaiity' ■ Re- 
poits smce the adient of antnmciobial piepaiation haie been entoiiiaging^‘ 
The incidence of bilateial suigeiT is not as high as one might expect Cham 
berlain leported a senes of 300 segmental resections with ten bilateial cases® 
Keller listed nine bilateial lesections m 101 cases® A possilile explanation is 
that the contialateial lesion maj legiess in the inteiim between the initial 
and second opeiations This has been oui expuieiice in a numbei of instances 
rheie piioi to the fiist opeiation the peiiod of lepetitn e \-iay obsei ration has 
been lelatiiely biief Staged bilateial icsectioii, neieitheless, has a definite 
place in the smgical tieatment of piilmonaii tubeiculosis The idea of simul¬ 
taneous bilateial lesection is attiaetnc because it oftei's a single opeiation 
rathei than tro ruth a substantial time intenal Aiiothei ponit m favor of 
the simultaneous piogiam is the obligatoiy paiticipation of all residual seg¬ 
ments 111 the lespiratoiy effoit This iiiai pionde a inoie efficient lespuatorr 
appaiatiis than is aiailable to the staged patient rhose fii-st side doubtless 
canies the iiiajoi shaie of lespiratoii function Wheie pulmonary capacity 
has been i educed bv initial siiigeir lespiiatoii function mar be critical 
Cianosis has been noted following completion of the staged pioeedmes One 
patient (Patient 9 of the staged gioiip) leqiiiied tiacheotomy to decrease the 
dead space and to insiiie lung capaciti against atelectasis There was no 
c\anosis in am ot the sinuiltanoous bilateial segmental resections 

Possibh the first simultaneous bilateial thoiacotoniv was peifoinied bi 
Block of Danzig in 1882 ' The patient i\as a loiing roman who leqiiested 
the opeiation for hei sus])ected tubeitulosis Noimal lung ras found at opera¬ 
tion, ■which mai liaie peisiiaded Block to open the contialateial chest It is 
not deal r hethei am i esectioii r as pei foi med, hor ci ci no disease r as found 
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The patient expiied either on the opeiating table or veiy early m the post¬ 
operative penod Legal pioceedings neie instituted, and Block took his on n 
life'' The actual ciicuinstances suiioimdmg this climeal misadventure aie 
somenhat ecpmocal Block as neU as Theodor Gluck of Beilin published 
expcninental pulmonarv lesections on a vaiiety of animals including dogs, 
pigs, lahbits, hoises, and even eons® " Ko snnidtaneoiis hilateial lesections 
were porfonned expeinnentallT The techiuqiie consisted of exteriorizing 
a puhnonai'v lobe thiough a small intei costal incision, applnng a tourniquet- 
hgatuie about the secondan hilus and excising the lobe A clinical case had 
been similaiU treated bv Kiichlioft in 1876 

lluth has been said conceining bilateial lesections foi bronchiectasis 
Oieiholt 111 1972 lepoited the fii-st simiiltaueoiis bilateial piilraoiian segmental 
resection foi Inonchiectasis '' An inspissated tubeieulous cavity was lemoved 
In neclge excision fioni the posteiior segment of the left nppei lobe in one 
patient, othernisc the thiee cases described neie iinielated to piilmonaiv 
tuberculosis 


SELECTIOX OF PATIEMS 


Our experience coiioboiates the pioposition that tuberculosis usually 
inhabits the apieoposteuor segment of the left upper lobe, the apical and 
posterior segments of the nght uppei lobe, and the supeiioi segments of eithei 
loner lobe This does not mean that segmental boiuulaiies are respected by 
tlio tuberculous piocess, but in general, the site is predictable from x-iay 
films Here and theic an adiacent subsegment must be sacrificed to excise the 
principal disease This is leadilv done nhen indicated In spite of this re¬ 
markable constnnev of position, one must adapt himself to the disease en¬ 
countered and not pcrfoini a segmental leseetion for tuberculosis which is of 
lobvr or gieatei dimension Plnnigiams m pniticulai are helpful in avoiding 
tins (lit fall Broiichoscopi also is v aluable since the patient vnth endohi onchial 
disease must have either a longer penod of chemotherapy of a mote extensive 
oiieration 


All cases in uthci giou]) aic of patients at the Anoka State Mental Hos- 
p^itnl uul theicfoic cain tlie additional problem of seveie mental illness 
Led ust IS ,111 inipossihle discipline, and mculentallv, the conscquouces of its 
ihseiuc luiie not hccii sinking \ patient is chosen for bilateral resection 
vilio over 1 pinod of tniic iisualh one oi 1i\o vents has been unable to seciiie 
\ uiv ihiniiK for Ktiiiii to the goneial jiopulntion of mental patients 
Hnli, il luatment his Imi, uinhie to ciadicnte the disease which is well 
o.«l,/.d to the nppe, hum iHlds 1,1 most tnses Tlicie must be direct hac- 
cno ncK (\idni( 1 of tuluuulosis m the foint of cultuie or guinea pm mocu- 

ition \ntiirii( lohi il dnics an now guen for at least three months prior to 
surgt r\ ‘ 

If Hum d ruidiiius x in untstigation iml hactonologic historv indicate 
that a iMlnnt is d.fimt.h , nndidate for l.ihteial suigerv the next question 
IS wlutiH r the pi in slionld Im st ured o, siimiltanoous Here phvs.cal condi- 
t.on I-ecoiius tlu supreme ,oiisKlciation One cannot expect a robust subject 
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wlien ilc IS dealing i\ith a patient iiho leqimes bilateial operations, but onh the 
liest iisk gioiip should be lelegated to the simultaneous plan Oiii simul 
taneous liilatcial e\peiienee at this time has been at the segmental lei el 
neieitheless if is coneen able that lobectomj eithei paiied oi in combination 
with segmental lesection could be eniiied out if cluneal conditions warranted 
Seldom, if cici, should the suigeon leacli a situation wheie the resection on 
one side has become so foimidable that the second side must be abandoned 
Caieful loeiitgenogiaphic ivoik-up should 2 )ieient this oeciuience Simul 
taneous bilateial lesection is feasible in that patient who leqmies bilateral 
siiigciy and whose geneial condition is leasonabh good 

TECHN'ICAI COVSIDFRATIONS I\ SniULTAKEOUS BILATERAL RESECTIONS 

The supine iiosition is used with a sandbag along the doisal leitebial 
column to eleiafe the mediastinum A tiansieise incision is made in the thud 
anteiioi iiiteicostal space cutting acioss the steinum This pioiides excellent 
exiJisuie of eithei lulus and jieimits the use of two ojieiating teams at least 
until both Jungs are fieed of adhesions and hilai dissection begun At this 
point the opeiating table is lotated foi bettei access to the lulus undei con 
sideiafmii The indicated pioceduie is earned out on the moie insohed side 
hist with the contialatcial lesection to follow Total opeiating tune is little 
more than foi the custouiai} unilateial segmental icsection No leal piobleiii 
IS occasioned In the bilateial pJeuial opening Jixpciiences with othei foi ms of 
dust suigen ha\c domonsti<ited the lelatne 03*^0 with which this situation 
IS toloi i*cd I-’ostopoiatuoh it is adiisable to attach the chest catheteis on 
eithei side to scpaiate suction si stems Adapteis and Y tubes eoiinecting the 
chest catheteis to suction should be made of unbieakable matenal Theie 
piobablj cease 1 to be a eommunicalioii between the two chest caiities aftei 
twenti ioui hours 

A Pcntothal cui aic iiiixtuie is cmploj ed foi induction and endotiacheal 
intubation w’lth subsequent addition of nitious oxide and oxigen in a 3 1 ntio 
This iieimits use of the electiocauteii unit in the eailv stages of the pioce 
duie Since cyclopiopane interfcies little with ciicuJatoi'j homeostasis and 
allows delnen of a 90 per cent oxigcn (ontent in the gas niLxture, this agent 
IS used foi mauiteiianee as soon as the cauteii is dispensable The lungs aic 
inflated to the extent that tlieie is no encioachment upon the suigicnl field 
Kespiiations aic eithei assisted oi eontioiled thoughout Slight Tiendelenbuig 
position IS helpful in neutialining the loss of negatne intiapleuial piessiiie 
and aids icnous letuiii to the light head This jiositioii also facilitates the 
iimoial of sccietions bi the endotiacheal suction cnthetei 

DISCLSsrox OF E.VKL1 RESULTS 

‘since the first of the staged jiroccdures was completed little more than one 
seal ago it is much too cnih to speak iii terms of end lesults The total ex- 
])eiience is suniniariFed in Tables J and JI Ciiieiia for discharge from the 
tubeuulosis section must bo iigid beiausc of the congested Ining aiei to whuh 
ment.d patients are ncccssanh leluined Cluneal and x-rai clearance plus 
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Tvble I Gfolp I, Staged Bilatekaii Kesections 


\QE DATE 

SEE 1st op 


1ST OP 


DVTE 
’\D OP 


2nt) op 


"S 1 16 52 Ap and p seg' 
F BBL 


4Q 2 0 52 Ap p seg LXJL, 
>,£ 4 nb tlioraco 

plast\ 

40 b IS 52 Ip P '0? L'CL 
M sup <=cg 

LLL 

50 b 25 52 Ap p »€g LUL 
M 


1 IQ 53 Ap p and ant 
segt LL L 
sup ■'eg LLL. 
3 rib tbonu-o- 
pKstv 

b 22 53 Ap and p segs 
RLL -vredge 
sup scg BLL 
Ap and p ^egs 
EL'L widge 
sup sig BLL 
Wedge ap seg 
RUL 


R EMATKS _ 

No compbcattons, a rai, 
(.bnaal and gastric 
clearani-e 


12 3 52 


I 5 51 


Wound deUisieuce after 
2nd operation 

Gastric rtlapse 



54 

7 7 52 

Rl Lobectomc, 

11 17 52 


At 


4 nb tboraco 
plastv 


0 

50 

7 16 52 

Ap and p seg- 

U 2 5t 


M 


RUL 


t 

57 

S4 52 

Kt I obectono 

1 2b 53 


F 




s 

55 

1 14 53 

Ap nnd p segs 

5 20 53 


i 


Rl L wedge 
sup seg RLL 


Q 

50 

1 25 53 

' p p seg I UL 

5 25 5" 


F 



in 

45 

2 11 53 

\p and p segs 

10 2b 53 


M 


lilL 


11 

G" 

3 4 53 

Ap and p segs 

12 23 53 


M 


RLL 


12 

1-2 

3 11 53 

Vp p seg LITL 

12 7 53 


M 




No tompluations \ rar-, 
clinical, ni d gastric 
ilearance 

I p s, g LUL No complications \ ran 
clinical and gastric 
clearance 

1 p sig LUL Post2iidop air leaL 
cTcntuallv rcsorbed 

I p SI g LUL No complications x rat, 
clinical and gastnc 
clearance 

p p seg LUL No lomphcntions \ mr 
clinical and gastric 
I tea ranee 

seg RL L Po't 2ud ojw cr nno=i« 
uedgeant and tracheotome 
ap segs BITL 

p p seg LLL No complications 

p p seg LUL No complications 

.p nnd p sigs No complications 
RbL 


Table II Grot ell ‘'litcLTwrovs Bilateral'AEGA trxTAi Resection 



\Qr 



* 

\ 

1 VTirVT 

SF\ 

i<\.Tr or or 

Morr pc\OL\Eiv 

rONTn.\T^\TElLVL IFMARKS 

1 


1 ,1 54 

Ap P 'eg LLL 

Ap and p 

segs No i omplications 




linjniln 

Rll 

- 

-*2 

1 20 54 

\p and p stg- 

Ap P FCg 

LLT. Air leak on right 


M 


RLL 


responded to in 




\p nirl i» fr« 

Till 


( rcn‘'t.,| cuition 


j 

2 " '14 

Ap P ' g 

III \() < ojnplw 


st\ iiigAtiAo gistiK luagc (ultuus lepieNents a icisoiiiiIiIa stiut proginm 
\ntiimt 1 olnnl tlioaiir is coiituuiPil foi si\ nvemths into tlu postopeiatiAe ton 
Ailisdiiu In the stagul Lroup ilrugs iri gnoti tniitiiunmslA hetw con opcia- 
tions On, month is ptrmittml to cl ipse ,ftn .Irtigs hetore the gastiu he age 
s,ri,s IS initnlnl Ttpieil pie.ip,ration iml postopei itne chest hhns m hoth 
th, St igcl iml smuilt uu'ous groups are sem in 1 igs 1 iml 2 To tins d Pe one 
' iM his thA.lop.d eM<Um, of pM-s,stent disease (Pdient 5 of the st igid 
Lroup, Th, postop,ritiA, AAorktip is eomphte on fuc otlur j ati.a.ts and 
irutmnal d it , ,n .moniaging on the nmundei The snmdtaiuons Ini itri .1 
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SnU^IWA-V l-'T \L. 


niLATFU\l. lUbMO><AU\ RV^l CTIOX 


Oo 


leseelious ate of lowsc still ieooi\ing chciuothcinin The one iiosilno gnstiic 
(le\elo])wl ni the stagcA senes ^^he^c ouh t^\o wcclvs of stieiitoim em and iso- 
meolnne aeid Iniba/vAc had eonstUnted tho pieoiicuitwe pu'inuation It noM 
lI)J)eal^ that tlio ]>ei-sistent disease in this patient is lioni an aiea eoiicspoiiding 
to the biipeiioi segment of the Iclt lowei lohe sshcic a wedge leseetion was 
perfornud liieoinplete lesettion eoidd welt ptiu a pait in the gastue lelapso 

eoMMi\r 

The intioduetion of siimiltiuieoiis biliiteial segmental lesectioii foi pnl- 
uuniari tuhereiilosis should pi os e oi definite i aliie in seleeted cases f\ itli the 
niittrior two team appioneh tlieie aie few teehnieal hnrnids One case iiiani- 
tested a siicic an leak on the light immediateh postopeiatiseh (Patient 2 
of the simultanomis gionp) Bi diiiding the siution so that a picssiiie of 40 
im of watci was asailahle to the light ihoiaeie easits while the left was 
mnintanicd on lo to 20 em , the lesidiinl lung expanded to its full cnpneiti 
None of the thue smiiiUaiuoiis eases deieloped ans hieatliiiig difiieiilts 
Tin union of the stciiial nniit ninst he fiim to pieseiit exeessise pain 
wlinli loiild emh.uinss icspiiatum as well ns loinpionuse the longli le- 
tU\ Bioiuhosiopi and planigianis in seUntiug simiiltnneoiis hilnteinl eases 
are ici\ iinpnitant V'nialB ns in all exeisional tieatment foi piilmonniy 
tuliouninsis tin opeiatiou iiuhcalod In the disease must he jieiioimed This 
re<|uiios eaieful pieopoiatne eialnalion NVedge losections alone seldom 
lonstitute an adeipnUe pioeodiuc Tn sneh instnincs as these il is doubtful 
Unit the surgen was pistilicd, if it was pistified sin cad oi pcisistont disease 
Is a leal possihiliti 

SI MAI VK\ \M» CO\cr VSIONS 

1 Bilattial pulmoiiun leseition foi tnbei cnlosis is a safe and piactical 
inmednie 

2 TwiUc patients weie snbieeted to st.iged hilateinl icseetions nithoiit 
am (hnths One gastric ielapse has oecniied, otheiwise, eniB lesnlts me 
fnioinhh 

1 Sinnillanoous bilaternl segmeiilnl lescetioii is suggested foi the rcla- 
tneli goodiisk patient who locuuies bilnteial siiigen The adinntngcs of 
the simiihmn(Ills ippiomh me dismissed 

4 Opiiolioiis 111 tliicc sminitnneons Inlnleinl lases haie been peifoimod 
witlnuit souous imuhiit \n uiiteiun tiniisieise steiiiotoniA iinision is used 
witli tin two tuuii opoudiiig sAsleni 


101)1 Mill M 

in. 1 tlin imvcr wns for pul>lic«tion hcc tnlditimml ■.nmitliiiii o\\s lolnloriil 

r. ,V ' rml't «vi>or lolHctom) nns 

t'i't "intl V ' "'t' ’“'«»>*ntiil ixfiMoit (III 111, loft to Miili'-tuntinlo tUo con 

1 m.oo tlmt ro , t.on iM l,„olMli„,Wo.t,m.nlnnM.) 

uu m\cns 

loK.iomx ,n I't.lmonnr^ T«1 h r.ulos.s, ^ Tllo^^cIc ‘•via 5 


1 1 t 


Mniiili r, 'n 0 
loin 
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DICED CARTILAGE FOR CHEST WALL DEFECTS 

Hexby a Brodkix, :\LD , and Lyndox A Peer, MD 
XlA\ ARK, X J 

^HL resection of Lro or more segments of ribs together -snth periosteum and 
1 intercostal muscles, deprives that portion of the thoracic mall of its normal 
stabiliti and results m herniation of the lung and paradoxical motion during 
respiration The seientv of these eftects depends on the size of the defect and 
the amount and thickness of the structures oierlnng it Underneath the 
scapula or the trapezius and rhomhoidei muscles, the eftects arc minimal, but 
iviten nbs are removed from the lateral chest nail, where there is the least 
amount of muscle tissue, paradoxical motion is most seieie For over sixti 
sears larious methods haie been used to restore the stabilitv and protection of 
the chest bi securing a firm closure of chest maU defects The introduction of 
the use of antibiotics and tantalum stimulated greatei interest and additional 
attempts to sohc this problem 

L Ihier,^-' m 1941, reported the successful use ot a free graft of fascia 
lata to close a large chest wall defect follomng the remoial of a chondiosarcoma 
of a lib Watson and James-' reported smular success in 1947 Dans and 
associates'’ and Campbell,‘ in 1950, mobilized and tiansplanted the latissimus 
dorsi o\cr a free fascia lata graft to giie added support to close a large chest 
wall defect Efllcr and Blades,"’ in 1946, and Beardslei,” in 1950, reported the 
unsuccessful use of rigid tantalum plates The plates had to be iemo\ed because 
of persistent drainage and iiifcetion Uniformh successful closures uere ob- 
lamed with the use of tantalum gauze bs Bcardslcc and Cavanaugh,^ Moirow,''’ 
iiul Ada and Hciciior' llaier” mobilized and used the bieast to protect 
aiit(‘nor chest wall delects Pickrell and associates'^ utilized skin and muscle 
pcdidc flaps and Priolenn’'' used full-thickiicss skin flaps to cover the defects 
tlaiier ami Blade-,'* inobilizcd sesiiients of adjoining periosteum and split seg¬ 
ments of nbs to COCCI small and nicduim-sized defects Kmsella and associatcs'- 
duulcd n lilinl nraft into segments and Bisgard and associates* used mortised 
spill rib grifts to onreomc sternal defects tolioccmg the resection of stcnial 
tumnis Ilnrdm and associates" icpoitcd the successful use of preformed 
Incite plates tn cover large chest wall defects Blades and Paul - houccci 
rca<hed the concUision “The use of tantalum plates and other loreign bodies 
e- mmccossarc and uiisatisfactorc ’ and tiansplnnts of fascia lata ‘arc raieh 


The method described be thmer and Blades’* appoa.-s to be the best for 
the s,„a 1 ehesi nail dc leets be< ausc nutogenous adjoining tissue is utilized to 
tonn a boin suppo.t The ,mh disadvantage of 1 isc.a lat i or tibal gnfts is 
d^n nd.liiional ojmrUue proeslnro is m.ess.rv Tims t u it ippc.irs that 

1 -s U> 1 r< r (111 li,-vU n \| rll ,( 
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the most populai method for the closure of laige chest ivall defects is bj the 
use of tantalum gauze The desire to obtain a stiong rigid cover o\cr an exposed 
heart and tlie cuived anterolateral portion of the chest vail piovohed the idea 
in the authore to use diced cartilage between tvo lavei's of tantalum gauze 

Peei’ was the firet to utilize diced cartilage to coiei skull defects in 1943 
Subsequentl 3 , its use has been extended to lestoie shape in bonj deficiencies of 
the face, foi construction of cal’s, to form an aitieulai suifaee of cartilage m 
ankjdosed hips, to reinforce fascia in the repair of hernias, and to cover bonj 
defects in spina bifida 

Diced cartilage giafts, as the name suggests, consist of nnmeioiis small 
segments of cartilage uhich can be packed or molded into am desired contoui, 
like wet grains of sand Diced caitilage ean be cpiicklj piepaied hr putting 
thiough an ordinarj meat grinder pieces of cartilage prefeiabh obtained fiom 
joung subjects uho hare met death hr accident It maj be stored indefimteh 
in a freezer “bank” until it is used Alicioscopie examination of the diced 
cartilage giafts follou-ing transplantation at rarious niteirals up to four rears 
has been made The sections demonstiated that the spaces between the small 
cartilage segments ueie occupied firet br blood and later br ingioving connec 
tne tissue accompanied br numerous small blood ressels Each small cartilage 
graft rested against adjoining cartilage at some points with a thin larer of 
connective tissue betueen, thus prerenting contracture of the cartilage mass 
The collectire bulk of the diced cartilage giafts rras incieased bv the addition 
of the numeious small spaces betrveen the pieces of cai’tilage, and for this leason, 
the diced cartilage giatts actuallj filled a larger space than the solid nb 
cartilage from rr Inch the\ rr eie cut Autogenous diced cartilage grafts had living 
ehondioer’tes, normal appearing matrix, rrith occasional bone foi-mation m oi 
outside the giafts and a general absence of invasion and absoi'ption Piesened 
diced cartilage giatts shoved definite imasioii and absorption in some grafts, 
rrheieas m otliei-s the matrix, rmth dead cells, appeared to resist inrasion ciriito 
veil The tendency to bone foimatioii rras more pionoriuced nr the preserred 
cartilage than nr the autogenous cartilage Coiinectne tissue and blood vessels 
giov thiough the openings of the mesh and join the diced cartilage giafts into 
a solid stiuctrire The ingiovnig host ot fibroblasts, together vith collagenous 
fibei-s and cement substance pi or ides a strong binding vail, in rvhich the 
iiidnidual cartilage segments are firnilr held together to protect the rital 
stiuctuies beneath 

CASE REPORT 

B ricG , a wliite bor aged 15, on Aug 1, 1942, vas struck br an ice truck and sustained 
a crushing injun to his anterior chest wall mth multiple nb fractures He was treated 
conscrintiveh and discharged from the hospital with a marked anterior chest vail deforraitr 
whidi cousisteil mninh of a depression invohiiig the left fifth, sixth, seeenth, and eighth 
costal cartilages and ilocation and angulation of the right fourth, fifth, and sixth costal 
cartilages In 194S, a plastic oi>emtion was performed at Mf Sinni Hospital in Non Vork 
to correct the deformity In resecting the deformed cartilages As a result of an infection, 
a draining sinus persisted until October lOjO, vhen he was admitted to the X'e" Vork 
Hospital The draining sinus was excised, and a chronic (.mp^eraa caiit^ was drained and a 
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tlioMcopla^tr perfomea opetat^o»s wre nece-arr to clear up the jnf^hon before 

healm- too-k ^ace m At the. teme he Ind a leght parasternal defeet rvlueb 

Wv:d the iL of about 4 cm. of the rtght fourth, fifth aud .u^h co^al cartrlages arrd a 
rerv large defect rrhtch rtvrolved the lo« of the flittenor fifth s«th, seveath 
nhc aad cart,Uge= The heart rra. covered onlv bN the peneardtum and a tnde pa^r thin 
..or The cear encoded honrontallv from the .temum. r^herc tt xca. rvrde^t S cim, 

mdualh tapcr-vl doon to a linear scar rn the left aralla and coatinned around the angle 
of the ceapulo. The entire anterior surfai e of the heart vca« covered hr this thin scar so 
that the heart could he grasped mth the fingers t Fig 1) ParadaMcal motion was marled 
oier the defeats and the heart iction was rerv apparent 



1 Thor irir coc slioomcr tht tnntHlum i»Into coierlnn the bojii ilefect oo the right 
ino rii r rii t omi {iDonme the (Irst oo* mtlon unit tlic )nn;«. chest nail defect on the left, 
tlir.m=h ohlr), t». ) irt coot I he .nFlIi fill 

Hi Ml' rje-ii(,lli rifu-e>il iniploiniiiit l«a lui-c of the large client nail defect and 
rtjo'ur of hiv )ii-in Ho liei-amo a iliont of the Xcw Torvn Rolmhilitation Commission 
fto ans of his iinjho-nunt handieap Ho oas admitted to the M Barnabas Hospital in 
Nrw irV for plasiio rln un of fjii cliost w-ill dofoct« It was decided first to repair the right 

id' hi im Ills (if -v tantalum pint* It Inonul (o im oral sjinpo to barelv overlap the edges of 

tU d fist Thr>s horirrml il s gminfs of the plate tri r< out out to corrisjiond to the 

M I in^ lilt ri I) t d s], I k,ni il| ,irj)j hole: wore made along tho odgo of the plate for 

si ituris On tune _o ]oa_ t|,( s, m ^c^s ovoiis-d down to the pleura, Tho pectorabs 

mil iTid f IS 11 wir jiiohib/sl ml tho ende of tlio ribs and lalgL of tho stomum were 

I rj ( 1 - I iitiiri lob wiri nub m tho ends of thi riM and 'ti mura with a towel clamp 
t mluin pint. wi- firnili amhored with stool Fulnros our tho disfeot (Fig 3) The 
[ toralis ‘”1 fas la win sjiunal our llm plato witli mterruptod ohromio cntoait 

- SIS a- M 1 sVin las do d with .,1k. The wound ims not drained, but it was noces arv 
l!i'l"(.r‘ aocummulat.d btoodv fluid The wound 

t' o r"' f-'I-ttid ,o the hosp„al on Xor Id lOId Tho tantnlnw plate on 

n, t I had ir.wc! Mr. sat,sfarloo ),« rrothod was not oons.d, red for the 
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BRODKIX KSn PEER C\RTIE\GE EOR CHEST DEFECTS 

clitst tliere often remains a vamng amount ot depression m the gladiolar- 
MphoiO area In spite of the phisiologie lelief m eleiating the stemnm from 
the compressed heart patients are so expectant of having a normahshaped chest 
ihat thci are keenh disappointed mth an\ degree ot depression In even 
ehondrosternoplasti there remains atnacs a considerable excess amount of 
pieces of resected costal cartilage Brodkin® ' has now modified his technique 
of chondrostenioplasti In dicing these excess pieces of cartilage deflecting the 
outer pinosteiim of the steinmn and filling the space witVi the diced cartilages 
The result has been niort gratifvmg as can be seen in the illustrations (Figs 
1 and 4 ) Traction with steel inie through the lower end ot the stemnm was 
mtcl in this patient 
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MM ARY 

An additional method is, suggested to repaii ehest A\all defects Diced 
cartilage has pioied to be icrv successful as a giaft in places uheic solid 
support IS necessaiA It is a leri practical leplacement, because autogenous 
caitdage is aiailable, and, ivhen necessan-, stoied “bank ’ diced cartilage Mill 
pioie equalh efficacious In laige chest wall defects, particularh when piotec 
tion is desiied as in the piccordial area a solid Mali Mill be seemed Mitli stored 
diced cartilage In patients undergoing a chondiosteinoplastv foi congenital 
chondiosteinal depiessions (funnel chest), a bettei cosmetic result will be 
obtained In the lepair of the defect lesiilting fioni the resections of the costal 
cartilages in radical mastectomi, a solid replacement niai be obtauied In using 
autogenous diced caitilage and tantalum gauze 
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A STUDY OF THE EFFECT OF PAEA-A3IIXOSALICYLIC ACID OX 
BLOOD COAOULATIOX AXD PROTHKOilBIX COXCEXTRATIOX 
OX PATIENTS 'WITH TL’BERCU'LOSIS 

lOHN H. Lixxek, M S (Sxjrg ) 

^IlN VE-A^POUb illNN 

T his stud^ was undertaken to determine whether para-ammosalicTlic acid 
(PAS) as it IS ordmarilv used m tuberculosis therapr has either a prothrom- 
binopemc effect similar to its analogue, sodium salicvlate,^ -» gjj anti- 

(oagulant action caused hv the release of heparin from the mast cells as suggested 
bi Soragni " * , and finallv, whether it might in some instances be responsible 
for tenons hemorrhage dunng the course of thoracic surgerr 


LTrEUITCKE 

Nonit and Carsteusen recentlv reported, after an extensive stndv of 400 
patients that PAS had no effect on prothrombm concentration and was never 
responsible for an increased hemorrhagic tendency Croizat, on the other hand, 
reported the case ot a 20-i ear-old white woman with tuberculosis who developed 
a spontaneous hemorrhage nhich he attributed to PAS Her prothrombin con¬ 
centration n as 42 per cent and accordmg to tins author was the onlv reasonable 
cvpianation for the hemorrhage = Gordin ‘ Forsgren," Tomakv " Swanson " 
arc ai, Posliglione,'* PhiUips,” and Lvuch'" found that PAS had a small but 
< c niti 0 icct upon prothrombin concentration Several of these ini estigators 
opinion that the effect ot PAS on prothrombm concentration was 

tiTYitlimli disease Soragm reported that although the 

uiiliPt^; '^1 ‘■“^'■ontrat 1011 rareh dropped below 60 per cent m adults treated 

eonccntmt.on u The decrease in prothrombm 

showed intbvidin'l dose guen was not progressne, but 

me Mlnmm K ind'tli effect was ropidh re\oicedbs admmister- 

m Klct" m , r,r "" aonjcelnrcd Ml,out cxpcnmout.l 

iiirlhcr •m„e.,af„h,„ ae'L" hate a 

1) releasing hepann from the mast cells 

HETIIOD5 \ND MVTERlVIcS 

:urttr" 

ihcnp\, with a follov up aiur 1> ^undergoing PAS 

'ho utr. lound to Ini. .h%.lo,J patients 
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^\ele also made ou thii'tA eontiol patients mIio had tuboiculosis, but bad not 
been on PAS Second, eoa^lation time studies ueie pcifonned on a gioup of 
th]^t^ patients nitli tubeiculosis befoie, and two lioui’s aftei, a 6 Gm dose of 
liquid PAS bad been gnen Blood levels of PAS veie also dcteimined Last, 
an attempt uas made to deteiiiiiiie ubetbei oi not tbeie vcie am instances 
of abnoinial bleeding at suigen oi in the immediate posiopeiatnc peiiod on 
the tboracic suigical seiiice at tins hospital dining the ti\enti-tbiee-niontb 
penod fiom Jan 1 1951, to Dec 1, 1952, that might ha\e been caused In pie 
operatne PAS thelap^ Dining tins intenal, tlieie had been a total of 2SS 
majoi thoracic opeiations performed, including 200 lung lesections of larious 
tipes, foiti-tuo thoiaeoplasties, seventeen dccoitications, and tucnti nine mis 
cellaneoiis piocediiies Oier 90 pei cent of these opeiations ncie pieccded In 
a course of PAS and stieptoimcin 

The piothrombin time dotei-minations ncie done In the Quick one stage 
piothrombin method, using acetone-delndiated labbit biain as the souiee of 
tlnomboplastin klultiple determinations neie made on each patient on diffei 
ent dais and mean values were used foi compaiisons The piothiombm times 
of noimal nontiibeiciilous eoiitiols using tins method laiied fioni tuchc to 
thirteen seconds 

A modification of the Lee Wlntc method nas emploied toi the coagulation 
time studies” ” These neie peifoimcd ns cnrcfiilli as possible uitli diu 
attention to the use of sciupiiloush clean eiiuipmeiit atiaumntie lenepunetiiies, 
and at coiitiollcd tempciatiues (37° C ) To nssuie the fact that the PAS 
admnnsteicd to the patient had been absoibed, a blood le\cl was obtained at tlic 
time of the second coagulation time test nppioNimateh two houis nfici tlie dnig 
had been taken Foi this determination a modification of the Bratton MaiNlial 
siilfonnnndc assai method was emploicd*® 

KEsn Ts 

The lesults of these \aiious dctciiinnations can be siimmaiizid ns tollows 
(1) PAS was found to base no dcmoiistinbh effect on the coagulation time ol 
blood at concentiiitioiis of the drug that wcie louiid to aiciage 11 2.S mg pd 
cent (2) Tlic diug had a slight effect on jnothiomlnn coiicentiation m elcitii 
of the eight! one patients who were Ircnig tieatcd with it In these cleicii 
]iaticnts piothiombm time piolongations \aiied fiom 2 8 seconds (55 pci cent 
eoncciitratioii) to 5 6 seconds (32 per cent ooiicciitiatioii) In follow up studies 
jiei formed on ten of these patients aftci PAS line! been discontinued all hut 
tliiee had returned to control oi \ei! ncni contiol cnines Of tlie tliicc patients 
who failed to ictiim to normal, two had pooi luei fuiietioii but the third had no 
dcmonstiable abnoimalitics, and the ctiologw of his pci-sistent In popiotliiom 
bmeniia was not established 

The cflcct of discontiminig P VS in the ten patients with piothioinhin 
piolongations is depicted m Fig 1 

The cfiect of PAS on the jirothrombin time of one ol the patients (Patient 
5) IS shown in Fig 2 (3) In the third and final poition of this stud\, it was 
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found that there wei e no instances of excessu e bleeding due to abnormal blood 
coagulation in the cntiie gioup of 288 major thoiaeic opeiations during the 
peiiod undei stlld^ This obsemation must be qualified bi stating that during 
the latter halt of the peiiod, Mtamin K was gl^en to some of the patients who 
were found to ha\e Ih popiothrombinemia 'Wlietliei am of these uould ha\e 
bled ^^'^thout ^^tamln K is, of eoui-se, not knonn The absence of abnomal bleed 
ing in this gioup of suigical opeiations confiims the impression gained from 
these expenmental data and from most of the litei'ature that the In-poprothioni 
binemia caused Iia PAS in a total dailv dose of 12 flm is not of suffieient seienti 
to cause eithei spontaneoius henioiihage oi abnormal hemostasis dm mg the 
couise of surgen 

These obsenations, honeiei, do not preclude the posslblllt^ of seieie h\po 
piothiombincmia developing in a patient who foi one reason or another might 
be miusualh sensitive to PAS 

Because of this possibilitv, it would be advisable to cheek the prothionihiii 
concentration of all patients who aie leeciving PAS one week oi so piioi to 
surgen 


suvntABi 

An attempt has been made to evaluate the effect of PAS on the prothrombin 
concentration and coagulation time of blood and, furthei, to asceitain whethei 
01 not this effect is of clinical importance PAS was found to have no dis 
cernible effect upon the coagulation time of tlurt-s patients studied A moderate 
pi elongation of the piothrombin time over control values was found in eleven of 
eightt-one patients studied, these piolongations vaiied from 2 8 seconds to 
5 8 seconds ^Vll but tliiec of these prolonged prothrombin times icturned to 
normal values aftci PAS had been discontinued 

There was no clinicallv evident adverse effect upon blood coagulation, be 
cause in 288 suigieal pioccduies, 90 pei cent of which weie preceded bv PAS 
there vveie no instances of abnormal hemostasis at the time of surgerv or in the 
immediate postopciative period 
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TliE AJIERICAN ASSOCIATION FOR THORACIC SURC4ERY 
Notice of Annual Meeting 

The Thirtv fifth Annual Aleeting of the American Association for Thoracic Surgen 
mil be held April 24, 25, and 26, lh55, in Atlantic City, Xcir Jersei Headquarters mil 
be at the Chalfonte Haddon Hall 


Requests for Hotel Reservations 

These should be mailed directly to Miss Dons Sears, Conienlion Manager, Chalfonte 
Haddon Hall, Atlantie Citi, Hew Jersei Please mention this Association, the tipe of 
accommodation desired, date and approximate hour of arriyal If accommodations are 
desired elsewhere in Atlantic Citi, please coniniunieate directh iiith the hotel of your 
choice 

Thoracic Surgical Forum 

B\ lote of the membership, the Forum is to be continued for the presentation of 
short papers on current thoracic research, expenmental problems, anatomical studies and 
modified or new surgical techniques The inclusion of am considerable amount of clinical 
matenal in these reports makes the choice more difticult and the Program Committee re 
serves the right to reject such papers or to suggest their transferral to the regular program 
Papers at this session will be limited sharph to ten minutes, including the showing of 
lantern slides or other illustratne material At the discretion of the President, three 
minutes mm be allowed a« the maximum discussion for each paper 

These papers will be published together in one issue in the Joirnal of Thor-Icic 
Si/RCEB\ Maiiraum length 3,000 words without illustrations If illustrated, an appro 
pnate number of words must be subtracted for each cut used 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1955 meeting, including papers before 
the Forum, must be recened on or before Dec 15, 1954, otherwise thei will not be con 
sidered bi the Program Committee 

Abstracts should be labeled “For Thoracic burgical lorum, ’ or “For Regular Pro 
gram ’ ’ 

Flic repeat file copies of each abstract must be sent to the Secretari of the Associa 
tion. Dr Paul C Samson, 3959 Happ' \ allm Road, Lafm ette < alifornia The\ should not 
be sent to the Editor 

The abstracts should contain from 200 to 250 words and nccurateh reflect the con 
tents of the completed paper 


Applications for Membership 

Applications for Associate Membership in the Association must be recened bi the 
Membership Committee not later than Dec 15, 1954, otherwise, the applications will he 
deferred for consideration until 1950 

Applicants must be sponsored In three \cti\c or ‘senior members of the Association 
In addition to the signatures on the application form, the sponsors must forward a sep 
aratc letter concerning the applicant directh to Dr Lnnan A Brewer, III, Chaimian of the 
Membership Committee, 2010 Milshire Bhd , Los Angeles 5, Calif 

Completed application fonns and the sponsoring letters mdepenSenity sent In the three 
sponsors must be rccciyid In Dr Brewir not later than Dci 15 1954, to be considered for 
action in \flnntic City 

Sponsors arc remind'd that luir Utters of reeommcndntion must lie forwarded to the 
Membership Committee should their applicants Ue held oyer for reconsideration a second a ear 

lOS 



Xo 2 


The Journal of 
Thoracic Surgery 

\'ot 2S Acgcst 1954: 


Original Communications 


THE OUSCLUE PHYSIOLOGY 01 FO'^TSTENOTIC DILATATION 
1T'^ relation to the DEYELOPAIEYT Ol AXELRYSHS 

Emile Holman II D Sln Frvxcl<co Ca.uf 

T\ THL realm ot rheologr the science of Aom and elasticity, there exists a 
1 eunou'- nml imzzhng phenomenon knowni as poststenotic dilatation llany 
MirircoiK ha\e noted it fe\ hare pronded an adequate reason for its presence 
or haw iMiturrd an esplanafion for the niechaiusni of its development 5Yi]- 
h ita '' Halsted v a-i greatlv lutnoiied In it and as usual took the problem to 
thf cxpcrmuntnl lahorator' Mheic a mild dilatation ilistal to partial ligation 
of thf tfrmnnl aorta was obsened in seien oi thirti attempts in adnlt dogs' 
lie simaestcd that the abnormal iihirlpool-bke plar of tie blood m the 
rdunOi dead pocket just belov [distal to] the site of the constriction, and 
u owf red pulse pitssure nni be the chief factors concerned m the produc- 
mn ofjhf dil-tion But he also staled that it is not denied that the paral- 
.Ms oi tie lasomotor nenes and the occlusion of the xasa tasorum mav 
p"ssii)i\ pPa manifestation ” 

dilatation was find oh.encd and described m the 
.■locLs'IlTpr "" <^o»?enital cervical nh thoracic surgeons and radi- 

<•1 ill r emi ''’'’rcasinch familiar wuth its occurrence m the presence 

^ n 1 a uhaortic stenosn a< illustrated hr the following case 

f t h n,! pr V 11 „ to Staaforl Hospital on Tan 25, 1053, 

tt !' t r- lie il ! , , , tmeurv^ of Ibe a5cenil!DC aorta 

> ^ < t! at to ! ".rLr t? tt 

t" r!, ri-nal hf-- cxr , t tba (, i T^ ohiMren Hi had Jed a 

I <» 10 : ,. , , i j„,,, '>>0 Anni heean-e of h.s heart 

! -n ! tJ irh p K I ,t . 1 1 ’ “! thoashl to be 

! rt y t’ < t (c ,■! o ; u , 1, j ^ ortrtin Recent to the 105-’ admurton 

' -'la.’ 1 o' ,n an.-, of tl 7’'"*’''' 

’-’.It .-.r. E.cpanhmorv 

s rroiiou.b ^h,rh „a. .aid to have been con 


or * ^ I 
U 


t tn ,n l> U. nn'l-'j^ir.^’jj j'&lldn 


> ~i M 


'Wr I'VtT'*'* L. O-Htfon for 
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genital, since his mother had died of neurosyphilis and his sister had been treated for in 
terstitial keratitis 

Physical examination was negative except for a moderate increase in cardiac dullness, 
a harsh systolic murmur heard best over the right third intercostal space, and a loud aortic 
second sound with a soft, blowing early diastobc murmur over the left third intercostal 



Fig 1 —Cose 1 Roentgenograms and kjinograms show a markedlj dilated ascending 
aorta orlginallj considered a siphllltlc aneurism Howeier the patient uas 43 lears old 
and nas known to ha\e had a taulti heart since Infanci A diagnosis of congenital subaortic 
stenosis with poststenotic dilatation was made 


space The blood pressure was ns/DO, pulse rate S8 Roentgenograms and kymograms 
(Fig 1) showed uniform dilatation of the ascending aorta with normal pulsation and with 
no endence of regurgitation Spinal fluid studies revealed a negative Hinton and a nor 











































HOLMAN 


111 


PHTSIOLOGr or POSTSTENOTIC DILATATION 

mti\ cMloidal go\d curve The electrocardiogram rras normal. A diagnosis of congenital 
subaortic Hcnosis mth poststenotic dilatation of the ascending aorta mas made He mas 
(h«charped ■'tMthout operation 

A coDspicDO-os and moie freqnentU seen foim of poststenotie dilatation 
occurs distal to a congenital stenosis of the pulmonic lahe, of iihich the fol- 
ioiMUg ti\o cases aie tipical examples 

2_J B rras first seen in the Clnldren’s Cardiac Clinic on Aug 1 1951, mhen -1 

vnr; old, because of a cardiac murmur noted at birth, 

IMivcieal c'camination revealed a mild mental returdufion a. loud Imrsh svstolic murmur 
Uc-ird oNcr tlic entire precordium, maximal over the second left intercostal space, pulse rate 
SS blood pri'=urc 112/70, hemoglobin 13 Gm per cent, and 4 800,000 red cells Boentgeno 
grinis ind angiocardiograms in March, 1953, should marked prominence and dilatation of 
(tie pntmoaan arton (Fig 2) Cardiac catheterization disolo'ed a nght ventricular pressure 
of as/A mm Ilg and a pulmonarv artcir pressure of 19/2 mm Hg, mith a femoral arterv 
pri-«'iirc of O(j/G0 mm Hg Oxvgea analvsca failed to disclo'e anv evidence of an intra 
rardiar 'hunt 



itnrlul'^prlimlmnre'of anploerams In a patient aged G showed 

miimnnar} \aUc was found whh ^ eoneenltal stenosis of the 

19 la 3 lounu Tvith marked poststenotic dilatation. A, Aug^ J 1951 B, Xlarch 


\ irdM amMh«"[ii'lT[!eTi (dvvpnea and fatigue on running more than t-trenty 

V t-Uvutar uns .'ner]TmrLrt7’''U‘d"1953 

<i uunt^d with definite clinical jinprovomcnt 

I ur M , 1 !!, i) 7' ' 7"” ^ at hge ^7 because of a cardiac 

,. AUhough he seemed men at the 

' f (1 nr. nr oral 1 luene < "" eicrtiou associated mith the appearance 

t rr /tnl' v'^7'^7r”uuu " int”'' ^ munnur maximal in the second left in 

1 fi I .oral p’l 1 I, nntorra’T h, rP^''-"“'-e lOOAO, 

sUs ar;:,o;:rnns (F,;j 3 ) enlargement of the pulmonan artort 



U2 


THE JOtJRNAL OF THORACIC SURGERY 


Cardiac catheterization in Apnl^ 1951^ disclosed a right ventricular pressure of 
103/14 mm Hg and a pulmonary artery pressure of 19/13 mm Hg, vnth a femoral arterv 
pressure of 125/88 mm Hg The catheter passed easily into the left auncle through a 
patent mterauncular septum, but oxygen studies gave no evidence at rest of an intracar 



Fig 3—Case 3 Patient R W Marked prominence of pulmonary arter> pro\ed b> angle 
grams and operation to be distal to a tight congenital stenosis of the pulmonic \al\e 



Fig 4_Case 4 Patient C L. Low infundibular stenosis with normal pulmonary ^al^c 

docs not cause dilatation of pulmonnr> arter> but ma> cause dilatation of ampulla between 
the infundibulum and the \aLe. 

diac shunt Because of the high right ventricular pressure, operation vras performed and 
confirmed the presence of a tight lahmlar stenosis with marked dilatation of the pulmo 
narv arterv distal to it 

In contrast to pulmonic lahulai stenosis, the loi\ infundibular stenosis of 
the piibnonam* outflow tract iiith a noinial piilnionarj lahe is rarelj associated 
inth dilatation of the pidnionarj artei-v, but there mai occasionalh he seen 
in angiograms, or at operation, a small ampiUlar dilatation lying betueen the 
stenosis and the normal pnlmonic salve (Fig 4) 
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tAsr i —C I., a 12 year old bov, -was first seen at age T becanse of dyspnea, easv 
fatigabdilN, a cardiac murmur known to hare been present since birth, and a brstorr of cynno 
SIS at birth which soon disappeared, but which recurred sbgbtlv on exercise 

PhvMcal examination disclosed a pale gravish cast to Ins sUn, with questionable cyano 
SIS of lip«, pul^e rate 81, blood pressure 118/82 mm Bg in the arm 121/77 mm. Hg m the 
Pg a <i<=tolic thnU in the second and third intercostal spaces with a loud systolic murmur 
heard oier the whole precordium, but matimal in the left third intercostal space, 6,300,000 
red cell', IG Gm of hemoglobin and a right axis denahon m the electrocardiogram On 
cardiac cathotcnzation a right ventricular pressure of 170/5 mm. Hg was found, with a pnl 
nionan arten prismtc of 10/2 mm Hg and a femoral artery pressure of 110/64 mm Hg 
Then nn' no endence of an intracardmc shunt Roentgenograms and angiograms (Fig 5) 
should a large right auricle and ventricle and a small pulmoaari artery, whose peripheral 
liranihc' uorc al'o small 

At operation on Dw 17 1033, aa infundibular stenosis was found ]ust distal to which 
lav a small round krob of poststenotic dilatation proximal to a normal pulmonary valve vcith 
normal pulmonary arteries Dilatation and fragmentary removal of 'ome cardiac muscle 
ri-sultod in limited improvement 

Diintutuin of the descending aoita beiond a coaietatiou occiii's fi eqiientlv, 
although not imanabh and max occasionallv offei leal dnuculty m the re- 
(stnblisliinont of contimutx \nth the much smaller pioMmal aoita 


Case j—C 41 was admitted to ‘Stanford Hospital on April 4, 1052, when 3 montlw 
old liecau c of coughing spells and difficult breathing 

At lurch the haby had had a good color and weighed " pounds, S ounces tVithin 
a ftu days of birth difficult breathing accompanied by a slight but persistent covgh was 
noted 4\ hen 21 day« old «hc was treated yvith penicillin because of a presumed broncho 
pmumoniii Temporary improyement was followed by gradual deterioration with increas 
ing symptom' until readmi"ion to the hospital 

I’hy'icnl iiamination disclo'od a poorK dcyclopcil ehronicallv ill, pale babv, without 
cyano'is, puKe vat,, respiration 74, a moderately enlarged heart with a loud systolic 
murmur heard oier the prceorduim and oicr the posterior lung field', slightly palpable 
f< moral pul is, an electrocardiogram thnt showed right yentncular hypertrophy, 117 
t>in hemoglobin, 7 77 million red cells, b’ood pressure 18/70 mm Hg in the ngbt arm, 
GO mm He in the left arm and 38/40 mm Hg in the left leg 

A ritroETOdo nortogrnm through the left brachial arten rc\ealed the presence Of a 
i-oarrtation nt the usual 'itc beyond the left subclayian arten (Fig 6) A month after 
O' mission till rhiSd died with eyidenco of right upper lobe pneumonitis Autopsy rey ealed 
n rmrrtntinn and a small intcryentriciilnr septal defect 


Coiniire'Miii) oj sttlicli\nn nrlen in Ihe angle between the scalenus 
ifidiii'. tun (1< md the itnital nb to winch it is nbnorniallr attached maw 
ilw iirothae niiultrati ainnnMual dilatation of the arten distal to the 
stuiosis ( iL 7' illhnnah ihc asdile IV Keen’ long dean of American 
titEmiiis otui ixprissrd wotidor thnt it did not oecnr })ro\imal to the ob 
striKlioi) I I mi s 11 listed* nbstiactcd TIG rases of cer\ioal rib recorded 
in niKKu ittruture and m twtntx sc\pn eases an enlargement of the suh- 
I auan arti n mstfoini, ancnnsnnl, or cxlmdncal, was desenhed He also 
'p''r c. n niiKinc f\njnp]o of acqumd poststtnotic dilatation following the 

I":;,::;::r:f -"Tr'- 

. 
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The most toed descnplmn o£ the ehotaeter Pf 5““'“ f f 

observed at necropsy is contained in a report published in 1869, . 

Poland ^ an Engbsh surgeon, ivho noted that “the lining membrane as n eU as 
the middle and external coats of that portion of the arterr affected by the 
svelling ivere perfectly healthy” and that “there Mas no atheromatous 



FIf: T—‘illld bilateml ancurvj«mal dilatation of subclaNinn arteo distal to compression 
of nrtco yealenus nnticus mu«cle at site of Its attachment to congenitalh abnormal cervical 
rib The ^urclcal \sp<^t of Cervical Ribs Joumal-Lancei 34 330 1^14) 



nrUr) f in^ m *?< or * (‘O'^unonollc dilatation of ripht common carotid 

Art n, nrtoo mnU U ,nj tor nncurjrm ot the 

:\nl to nnAir\ m 1 ^ > Utirlnp^ln^ho IT^rl of ^ pro'tlmal 


I- ^ «^ri 1 t) ^ 
1 IM 


Ini 


bml pra lu ^observation the dlintation of the carotid 

cramiiij tn'cnme more pronounced Iburp Gvncc. Si Ob^L 2* 547 


.hmrur .t.on of tin mtern ,I coat nor am tinckuium of either the middle or 
< vl< rnal loat. ]], lom.d.red the luonJnr lesion “a fns.fonn dilatation, nn- 
irroninnud Milh am spiual i oaUniim of am of the three tunics or nith 
am nipturs nhatsoc'cr ” 
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This desciiption of poststenotic dilatation as a fusifoim enlaigement with¬ 
out disease of the lessel ivall conforms ui eveiy lespect with the character 
of its occuiicnce beyond aoitic and pidmomc stenoses, and beyond a coarcta 
tion of the aorta That it ctin be lepiodiieed expeiimentally almost at ivill has 
been demonstrated in oui laboiatoiy Emplonng a technique which had pre 
mously been found elfectn e in pi oducmg pidmomc and aortic stenosis in a 
stud}-^ of hemicaidiac hj peiliophjGerbode" pioduced coarctation of the 



Flp 9—^Post-mortem Injection of lasculnr bed with 1" per cent bismuth o-cjchloride In 
a 20 month old dos showed marked dilatation of aorta bejond an experimentally produced 
coarctation when pup was 8 dajs old 

thoracic aoita in 8 daj-old puppies by a ligatuie so placed about the aoita that 
it did not constiict the lumen, but shaiph bmited the vessel to its piimitive 
nariou diametei as the lest of the puppi greu to maturity When these 
animals were kdled one oi two 3 ears later, dilatation bejond the stenosis was 
iniaiiabh piesent (Fig 9j Li our own studies, dilatation was obsened 
eight's-foul dais following the application of a nonconstiicting ligature to the 
thoracic aorta of thiee 21-da-\-old pups, all belonging to the same littei (Fig 
10 ) 

In the coui’se of studies to deiclop a method of uniting disparate cylin¬ 
ders," the small left subclavian aitei-j, with a diamctei of 4 mm , in a 14-day- 
old puppi was joined to the distal end of the dinded thoracic aorta, whose 
lumen measuied 8 mm in dnincter, bv the so called V plasty In one instance, 
poststenotic dilatation immediatch distal to the anastomosis appeared within 
tw entr-four davs, and in a second puppi, it w as demonstrated by an aortogram 
at the end of ten weeks (Fig 11) These two experiments demonstrated that 
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Yheu a stieam of small cabbei suddenly flows into a vessel of larger diameter, 
the same hydraulic foices come into play as aie found beyond an abrupt 
paitial stenosis 

Bxpeiiments veie then conducted mth an aitificial circulatory system 
(Fig 12) which included a pump whose late varied from 84 to 120 pulsations 



Fiff 11—Aortograms disclosed proCTessUe dllatritlon bejond end to end anastomosis 
of subcla\Ian artery to distal end of dhdded thoracic aorta (o) ten weeks and (b) eighteen 
\\eeks after operation. 



FIff 12 '—Schematic drav-ing of pump and conduits simulating the circulation wl^ a 
segment of elastic rubber tubing Introduced Into sjstem ^\Ith constrictions at X and x 
capacity of system about 200 c,c. ^\ater 

per minute and vhose stioke output railed fiom ITce to97cc The con 
duits consisted of rigid plastic tnbing mth an internal diameter of 0 6 cm, but 
included also a segment of elastic rubber tubing whose vail had an aierage 
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Table I 


FPESStrpJCtS 

ststem 

1 STEOKE 

{ 1 orrrrrr 

PJlTE ' (c c.) 

, DIAiEETEE OF 
[ XIAAIinJil 

1 rOSTSTESOTJC 

1 DltATATION 1 

(cm) 

1 length OF 

1 POSTSTEAOT3C 
[ prEATATIOV 

! (CM) 

120/70 

90 5 < 

20 

1 

I2'r/S0 

See yaCcr added to iysiem 

96 5 7 

28 

3 

1 co/so 

S(rof c output jncrcoicd fo 9 8 c c 
no 9S 

30 

4 

123/so 

Strof c output decreased to S 7 c.c 

96 5 7 

25 

25 

12S/T5 

Sec icater added to system^ 
no 5 7 

32 

33 

143/00 

SIroI c output increased to 9M c c 

96 9 8 

34 

35 


r*Tp'ic(i\ of circulatorj f>8lfm 200 cc 


tliiekness of 0 033 cm and ^\hose internal diametei i\as 1 6 cm The pressure 
in. the s^stc^l could he \aiied bi increasing or deci easing the Tolnme of cir- 
cuhting fluid and the lolociti of flow was laued by altering the stroke out¬ 
put Table I records the effect upon the elastic segment of varying the 
pressure aud the iclocitv of flow in the si stem 



Jhjtcuof! of Dye 


nn 1 *® Init'clcd proximal Jo n cort'trictlon remarkable eddies or turbulent 

tioied Jaw dl«tal to the stenosis where the rapidly ejeeted stream strllses 
nmmant dntal stream and where high kinetic en 
term 1 Into hich P'jtentHI rncrp> or Kternl prc'.surc- 


energy Is trans 


In duutlur txptnment, the \oliinie oi circulating fluid was increased 
'•iifiK uiitU to produce a mild poststenotic dilatation The stroke output vias 
then urddimUN ri dined from o^cc toT2cc,at which point the poststenotic 
cihtatum disappnud llcstorvng the stroke output to 9 8 ec caused the 
poslstLuotic dll nation to recur 

1\ hcti a < oiiccntritcd sohUion ot mcthslcne blue was injected into the 
ntiuii hcioiid the constntfion (he d\c prompth disappeared wnthont delay 
into ( 10 last flov inc disiai stream Ilovticr, when the dye was injected 
proximal to the stenosis there was noted just distal to the constriction a 
d< mite del 11 1,1 Its prourcss dm ustream (Fic 13) It appeared to he im olved 
m turbuUin tddus bi.ori it hesmtmeh resumed its forxiard flow It mas 
< ifn S(cn to J'cyrse its dimtion and to floi backx ard monicntanlx, toward 
t it s.aiosts The sit< oi .l.hc ,„d of (urbuleuec of dm was identical i ith 

Md.but'" ' thnil and 

mhblcbniit 'siinil ir nhs< rv tmns were made repeatedh 
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The foUoYung expeiiment piovidecl a completely convincing demonstra¬ 
tion that the play of hydiatilic foices against the elastic wall just beyond a 
stenosis mil, in time, produce poststenotic dilatation 

A. 


-c-90 GW- 

-; 2.5 - d 


^ J^/wtci Flour 




FIb 14—a 90 cm long segment of rubber tubing 1 S cm In diameter wU'' ‘'7° 
of constriction was subjected to twentj-onc hours of continuous pumping at which time m 
dilatation appeared bejond both constrictions ^ter ele\en inore hours o^. .PTa'J 

Ing during which time there was no change In the mild dilatation the tubing 
lodned out bejond the first constriction to a diameter of 6 cm over an area almut 7 long 
Thfs alteratfon was permanent and represents maximal structural fatigue at site or grea 
lateral stress 


Into the artificial ciiculatoi-j system uas inserted a segment of elastic 
tubing 90 cm long and 1 8 cm in diameter (Fig 14) Tu enty-fit e centimeters 
beiond the junction of the iigid tubing mth the elastic tubing, a second site 
of stenosis uas produced bi partial ligation, uhich reduced the diameter of the 
tubing to about 0 75 cm Enough uater uas introduced into the sjstem to 
distend the elastic tubing to a noimnl and umfonn diameter throughout, mth- 
out dilatation bejond either constiiction The pump uas set at 84 pulsations 
per minute uuth an output per stroke of 9 8 c c 

After tuentv-one houis of continuous pumping uithout the sbghtest 
eNudence of dilatation, theic began to appeal definite but mild dilatation 
beiond the first constnctiou, with an even milder dilatation beiond the 
second constriction At this tmie the pulsations were increased to 120 
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pcr minute Ten more hours of contmnons pnmpmg produced no sig¬ 
nificant change m the dilatation heyond either site of constriction Su - 
dcnh, hois Cl er, after thiity-one hours of pumping and after eleven hours o± 
mild dilatation, there occuiicd a reraaikable aneiiiysmal dilatation 3USt beyond 
the first constriction An outside diameter of 2 cm ivas suddenly increased to 
') cm , and the poststenotic dilatation iias non 7 cm long (Fig 14, B) More- 
01 cr, the dilatation iias non peinianent, iihether the pump iiorked or not 
The elastic tubing had pelded suddenly and iirevocably to the play of 
hidrauhe prcssuies pist bcvond the stenosis Pieviously the mild dilatation 
had promptly subsided iihen the pumping ceased With the appearance of 
the balloonlike dilatation bejond the fiist constriction, the dilatation beyond 
ihc second constriction disappeaied completely because of the dissipation of 
pressure and pooling of fluid from the rest of the small system in this ex- 
ccssn eh dilated area 

In another cxpeiimcnt, a second 90 cm length of rubber tubing with two 
points of stenosis uas subjected to the continuous operation of the pump (Fig 
1 1 , n) After about ninety hours of pumping, mild dilatation appeared just 
bee Olid the first constriction (Fig 15, b), uhich subsided when the pumping 
cc.iscd (Fig li, c) Bj apphnng the abrasne action of sandpaper, the wall 
of the tubing 2 cm betond the coiistuction uas slightly thinned out, resultuig 
111 a small pouclilikc dilatation at this ucakened area when the pumping was 
resumed The pressuie iii the si stem i\as then inci eased hi the addition of 
onli "ice of natcr Instaiith there occuried an accentuation of the pouch- 
hke tirotiusiou, folloMcd gradiialh bi a balloonlike dilatation of the tube just 
bdoiid the stenosis When the pump iias stopped, the aneiiiysmal dilatation 
disnpiicnred The ciTcetii eness of the plai of hidiaulic foices in pioducing an 
aiKunsiiinl dilafation inimcdiateh bciond a site of constriction uas nvidly 
port! lied before our almost incredulous eies 

In another illuminating experiment, a segment of the small intestine of a 
eit ms introduced into the ciiculatori si stem in place of the i libber tubing 
\fter about eighteen hours of pumping fust the ciiculai and longitudinal 
muscnbitni c sjibi and then the fibioiis subnnicosa burst 3 cm beiond the 
juiution of the small rigid tubing and tlic laiger distensible intestinal lumen, 
tin rent extniding for about 2 cm 


Tliese laimus obscmtions of tlic cflccts of a stenosis in an artificial 
nnulilori sc stem demonstrated conclusnch that poststenotic dilatation 
was t le ( nut result of the jflni of liielraulic forces set in motion bi the 
Moiiosis and that it laned in degree mth (he pressure and lelocitj uith uhich 
un uns ejeeted Irom the stenotic cliaiinol ^loreoici there appeared to be 
a entu il biel of pressure and of ccloc.ti helou uhich poststenotic dilatation 
did II, U oo.iir The e ement of tunc u„s most important, dilatation appearing 
in one exp,rime,It emh after the plai of hidraulic forces had persisted for a 
pre.b.iig.d perieed tl.irti one hours m one cxporm.ent and ni.uti hours in a 
M e-oiiel e x,i, rim, i.t It is ,„n„ nident fh it otiier iniportniit factors may deter 
mine the e nr.tion ..f the pi n of hidr.ulu stresses uid strains 
for. el.ht uion oeeiirs These are the ml.erent resistance of the lossel u^ll to 
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dilatation, depending upon its stinctmal qualities, the relationship between 
the elasticity of the wall and the piessure and velocity of flow to which it is 
subjected, the degree of stenosis present, and peihaps the viscosity of the 
circulating fluid It appeals that unless the stenosis ieduces the lumen to 
one-third or one-fourth its original diameter, turbulence of flow wfll be minimal 
and only minor dilatation vull oceui, and may be long delayed 




Fig 15—(a) Appearance of rubber tubing at beginning of experiment Bhot\lng complete 
absence of dilatation bejonil constriction despite pumping action 

(b) Postconstrlctlon dilatation appeared after ntnet> hours of continuous pumping 

(c) Dilatation disappears promptlj but not complete!} ■nhen pumping ceases Incom¬ 
plete disappearance due to permanent alteration ns the result of structural fatigue 

In revieivmg these experimental obsenations vith due regard to certain 
principles of hydraulics, as cmphnsized bi Piofessor John K Vennard* of the 
Department of Cml Engincermg at Stanford Uniiersity, certain causes and 
effects uere postulated as operating beyond a narrov stenosis m a laige icssel 
transporting blood under relatn ely high piessure and high i elocity 
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During diastole m a pulsating system, there occurs normally a momentary 
retardation m flow which is markedly accentuated just beyond a stenosis 
During sj stole, theie emerges from the naiTon stenotic channel a stream of 
blood "at a greatlv increased velocitv, as compaied with the velocity m the 
broader channel either piovimal or distal to the stenosis Mathematically, the 
\elociti of flow, other factors remaining the same, is inversely proportional to 
the square of the radius Obnously, if a tube 18 mm in diameter is suddenly 
reduced to a diameter of 6 mm, the velocity through the constriction is in¬ 
creased nine times Comersely, if a tube 6 mm in diameter is suddenly m- 
creased to a diameter of 18 mm , the \elocity will be reduced to one-ninth its 
proMovis rate The rapidlv elected sticam runs head on as it were, into the 
more slowlj flowing, and relatively stagnant, poststenotic stream, resulting 
in a sudden retardation in its forwaid flow High kinetic eneigy is suddenly 
lonierted into high potential eiicrgi or lateral pressure Moreover, the 
sudden arrest of tbe rapid stream produces eddies of turbulent and reversed 
flow, which strike the elastic icssel wall with alteniating high- and low- 
pressure \ a\cs causing the wall to nbrate these iibrations being recognizable 
ns a palpable thnll and an audible limit The location of mavimal clash of 
streams and of the site of comci-sion of high kinetic energi into high lateral 
pressure and therefoic also the zone of gicatest turbulence, bes about 1 to 3 
cm lifiond tlie constriction, depending upon the caliber of the conduit, and 
upon the pressure and lelocitv of flow At this point, also, the mavimal 
dilatation occurs 

V factor supremcli important to the hadraulic expert concerns the phe¬ 
nomenon of structural fatigue Unevenh distributed m tbe zone of turbulent 
How arc impacts or shocks of increased pressuic alternating wuth decreased 
lirissure winch produce points oi ininnte areas of hich local stress against the 
limitun, ifs'-cl wall Depending upon the pressure in the svstem, the lelocita 
of (low, and the structural qualities of the \csscl wall, this oscillation of high 
ind lov prcssvircs against the iiidiMdunl fibers of the \essel wall results in the 
prompt or Mm gradual onset of slmctural fatigue and in a potential thin- 
ninn or distmtion of the wall at these points of impact As these points of 
shock or stress Mirs in position fiom moment to moment and are diffusely 
< 1 stn lilted in <lnninishing iigor throughout the zone of increased lateral 
pressun the sites of stnictural fatigue aic corrcspond’ngh diffusoh distiab 
nted in dimimshmg stsents, resulting m a tapering dilatation of the icssel 


The absence of dilatation proximal to tl.e constriction is dependent upon tlie 
• muep t \ it t n prtsMiris arc cicnh and nnifonnh distributed against the 
mu in \rssi \ a mi since the forward flow here is not subiectcd to sudden 
ntirditmu or wrest there is no consersion of kinetic enerpx into lateral 
prm-uri (.emrd )irrss,irc pioximal to the stenosis mas be higher than the 
P .sMirc di-tnl to It but It IS a nlatiuh iiiiifnini lo\e] of piiKatile pressure 
c mil distn nited throughout and not subject to the rapidh osc.llatm- warm 
tmns in localmcq p„..uro such as occur in tla turbulent flow produced byX' 
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clash of streams distal to the stenosis As a lesnlt of this unifomi distribution 
of pressiue proximal to the stenosis, unifoim expansion of the lessel occurs 
with each pulsation 

In analyzing further the play of h'vdraulic foices distal to a steuosis, it 
appears that there aie thiee factois opeiating heie to pioduce gieater dilata 
tion of the yessel The first factor is the sudden coniersion of high kinetic 
energy into high potential eneigy oi lateral stiess The second factor is the 
turbulence of flow due to a clash of stiearns of diffenng \elocities, which causes 
eddies of alternating high and low pressures to strike against the elastic wall 
The third faetor is the loweied leloeity due to the widening of the stream 
diameter pioduced by the fiist two factors Accoiding to the Bernoulli prm 
ciple, this lowered velocity will of itself inciease lateial piessuie In a pul 
satmg stream, the first two factore lecui repeatedly with each systole and set 
the stage, as it were, for the thud factoi to act, also in lepetitiye manner The 
result of these thiee inexoiably leeuiiing influences in a pulsating stream, 
operating in a localized segment of an elastic distensible \essel, is a mcious 
circle greatei lateral piessuie —> greatei wudening of the stream-diameter—> 
lessened yeloeity of flow greater lateial piessuie greater widerang of 
the stream diameter lessened yeloeity of flow, and so forth Insidiously 
progressne dilatation is an ineyitable result unless the resistance to fuither 
dilatation inherent m the intact yessel wall itself or the incompressibility of 
the surrounding structures pier ent it Ei en these conditions may not preyent 
it, so effective and insistent aie these hidraiilie forces, gnen sufficient time 

Certaui chnieal obseiyations confiim the gieat importance of the height 
of picssure and lelocity of flow in the deielopment of poststenotic dilatation 
(Fig 16) It ocelli s most piominently in the ascending aoita bejond a sub 
aortic stenosis where the left yentiicle ejects blood under maximal pressure, at 
maximal ^eloclty, in maximal mass, agauist a maximal peiipheial resistance 
It IS almost eqnalh prominent beyond a stenosis of the pulmonic yalye where 
the hypeitiophied right lentiicle ejects an equally large mass of blood under 
high pressure and at high yeloeity It is less prominent beiond a coarctation 
of the aorta since the pulsatile end piessure here is less than in the ascending 
aorta, the distal peiipheial resistance is less, and the mass of blood forced 
through the coarctation and the lesulting yeloeity of its flow have been reduced 
significantly by the escape of blood through the laige branches of the aortic 
arch Its moderate deielopment in the subclayian aitery beyond a cenical 
rib IS also related to the lower picssure in this smaller yessel with lessened 
peripheral resistance bejond it Its apparent absence beioiid coustiictions m 
\ essels of still smaller caliber is i elated to the low er pressui e and low er yeloeity 
as one approaches the pciipheiy, where the dispaiiti between sistolic and 
diastolic pressures is gradually being reduced and where pidsatile flow gradu¬ 
ally changes to more iinifoi-m and e^en flow Such obseirations indicate that 
the occurrence and degree of dilatation depend upon the height of srstolic 
pressure wuth which blood is thrust against the constriction, which in turn 
determines the yeloeity of flow wuth which blood is elected from the short 
stenotic channel The greater this yeloeity, the more distantly distnbuted 
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are the impacts of the s^\Tftly floiraig systolic stream against the momentarily 
retarded distal diastolic stream and, therefore, the more distantly effective 
are the shocks of increased lateral pressure agauist the vessel wall 

Other clinical conditions have been observed winch prevent the dm clop- 
ment of poststenotic dilatation or determine its degiee (Fig 17) Most im 
portantly, the volume of blood forced through the constricted channel and, 
therefore, the velocity of flow with which the blood is ejected from the stenosis 
may be greatly altered by conditions just provimal to the stenosis a large 
collateral channel such as a greatly dilated left subclavian artei-y may reduce 
the volume flow thiough a coarctation, an open ductus located just proximal 
to a coarctation may dram a laige lolume of blood into the pulmonary arterj 
away from the coaietation, an inten entriculai septal defect and an over 
riding aorta as in the tetialogy of Fallot may pionde a large “runoff," or 
diversion, of blood away from the infundibular stenosis, thus reducing mark¬ 
edly the mass and the velocity of blood flow thiough the stenosis 

The difficulty encountered bj' Halsted and Reid in their expeiimental at¬ 
tempts to produce postconstiiction dilatation by paitial ligation of the terminal 
abdominal aorta may be due to the diveision of blood auay from the site of 
partial ligation through the many large branches just piovimal to it, sneh os 
the celiac axis, the two large renal aiteiies, the infeiioi mesentenc artery, 
and the several paiied lumbar vessels These can effectnely i educe both the 
velocity and piessuie mth which blood is ejected thiough a stenotic channel 
produced in the terminal aoita and thus present or greatly cuitail poststenotic 
dilatation In oui experiments, when the coaietation uas produced in the 
thoracic aorta, wheie pulsatile pressure, velocity of flou, and mass of blood 
thrust against the constiiction aie higher than in the terminal aorta, dilata 
tion beyond the coaietation invariably occuired 

That a rtmoff or dneision of flow auaj fiom the stenosis may effectivelj 
prevent poststenotic dilatation uas connncinglj demonstrated by the follou- 
ing case of a large patent ductus proximal to a coarctation of the aorta 

Case 6 — K B , aged 10,* ivas admitted to Stanford Hospital in January, 1954, for 
correction of a coarctation of the aorta accompanied by a patent ductus, both of which 
had been recognized soon after birth There was no history of cyanosis 

Physical examination disclosed a icrj pale but well dc\eloped normal child except 
for a loud continuous murmur at the left cardiac base with a loud pulmonic second sound, 
heart definitely enlarged and hj-peractive (Fig IS), pulse rate 98, hemoglobin 13 Gm per 
cent, hematocrit 39, 4,250 white cells, unno normal, blood pressure right arm 142/90 5S 
mm Hg, loft arm 140/92 GO, no pressure obtainable in either leg, after the patient spent 
two davs in bed, blood pressure in the arm dropped to 128/70 56 

At operation, a widelj open ductus arteriosus, 8 mm in diameter, was found, trnns 
mitting blood from the aorta to the pulmonnri artery Just distal to this open ductus 
Inj a ti-picnl coarctation, but the caliber of the aorta distal to it was diminished rather 
than increased The aorta proximal to the constriction had a diameter of 1 7 cm, and the 
distal aorta a diameter of 1 3 cm (Fig 19) The coarctation itself had an inner lumen of 
about 3 mm in diameter To reestablish continuitj of the tyo disparate ends, the small 
distal aorta was incioed longitudinally for about 7 mm in its anterior half, thus providing 
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The absence of dilatation beyond the coarctation in this instance was the 
direct result of the diversion of a large volume of blood through the patent 
ductus into the pulmonary arteiy which reduced markedly the pressure and 
1 eloeity of blood flov through the coarctation 
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Fig* 19—(a) Dilatation beyond a coarctation does not occur In the presence of a large 
open ductus proximal to the coarctation which dl\ert8 blood flow a>\ay from the stenosis 

(6) Anastomosis of disparate ends effected by use of \-plasty to a\oId stenosis at site 
of union 

(c) Note larger diameter of distal aorta as compared with pro*xlmal aorta after ellmlna 
tlon of ductus and excision of coarctation 


In the tetialogy of Fallot, in which the intenentiiculai septal defect and 
the ovei riding aorta pionde channels thiough which blood fioni the right 
lentncle is diverted away fiom the pulmonai.! outflow traet, no dilatation of 
the pulmonaiy artery is obseived On the contiaiy, ui a tetralogy the caliber 
of the pulmonary artery and its two main branches is usually greath di 
mmished, commensurate wuth the i educed lolnme flow of blood through these 
channels When the pulmonary aiteiy and its blanches aie foimd to be 
dilated, one would suspect that the inteiientiiciilar sejital defect is small and 
that the stenosis invohes the pulmonary vahe lathei than the infundibulum 

In the presence of piiie pulmonic stenosis, wuthoiit mtiacardiac shunts, 
the absence of dilatation of the pulmonaiy outflow tiact as disclosed by roent 
geuograms of the chest stiongly faiois an infundibular stenosis On the other 
hand, a dilated pnlmonan^ aiteiy as disclosed by roentgenograms m the 
presence of a presumed pure pulmonic stenosis is siiggestii e e^ ideiiee that a 
^ahullar and not an infundibulni stenosis is piesent (Fig 20) 

Case 7 — tV M , aged 33, entered Stanford UniTersity Hospital in January, 1954, for 
possible operation upon a presumed patent ductus He had a raunnur oyer the heart uhich 
ho belieyed had been present from birth, and certain^ from the age of 12 He had been 
barred from high school football because of his heart, and had been turned down for 
military duty by the draft board on a cardiac disability Recent to admission ho had 
become more easily fatigued, associated, on axcessiye actmty, with a dry nonproductiye 
cough and discomfort in the chest He disclaimed oycrtional dyspnea, ankle edema, 
cyanosis, or orthopnea 

Physical examination rc\enled no cyanosis, nor clubbing of the lingers, pulse rnto S2, 
loud sj-stolic murmur mnximnl in left first and second intercostal spaces, pulmonic second 
sound split ynth loud second component blood pressure 130/74, good femoral pulses, 
hemoglobin 15 8 Gm per cent, hematocrit 48, 7,100 white cells, right axis deviation, yvith 
conduction defect Plain roentgenograms shoivcd a marked prominence in the left hilar 
area yyhich was identified hi angiocardiography ns dilatation of tho pulmonary artery 
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(Fig 20) A significant observation in the angiograms was the pronounced delay in the 
emptying of the poststenotic dilatation dje which normally should leave this area in 
3 seconds provided opacification of the dilated vessel for 4(4 to 5^ seconds, a phenomenon 
also observed in our experimental studies of the flow distal to n constriction Cardiac 
catheterization disclosed a pressure of 39/5 mm Hg m the right ventricle, and a pressure 
of 19/7 mm Hg in the pulmonary arter 3 , and no evidence at rest of an intracardiac shunt 

A diagnosis was made of an isolated pulmonic valve stenosis without intracardiac 
shunt and onlj moderate right ventricular pressure No immediate surgical treatment was 
advised, but the patient was requested to return for cardiac catheterization in one year’s 
tune to determine whether any increase in right ventricular pressure had occurred If so, 
surgerr would be indicated 

These expeiimental and elinieal obseivations lemove all doubts as to the 
cause of the poststenotic dilatation—^it is not biologic, noi supeinatural, it is 
not due to disruption of sympathetic nerves, noi to vasomotor paialysis, it 
IS not the result of occlusion of the vmsa vasoium nor of localized impairment 
of circulation, it is not the i esult of extei nal trauma nor of an unusually vvell- 
dev’eloped collateral eiiculation enteiing the v’essel distal to the coaictatiou, it 
IS not the result of a dead pocket, noi of stagnation of fluid in this pocket It 
IS the Simple, mechanical effect of the opeiation of natural hvdiaulic lavs that 
govern the flow of fliud through a conduit—in this instance not a iigid walled 
conduit, hut an elastic vessel, capable of distention in lesponse to increased 
lateial stresses lepeatedb’ applied ovei a pioloiiged period of time 

These observations also cany othei wide implications They are strongly 
suggestive that the initiating faetoi in the development of the aiteiiosclerotic 
aneurysm may be occasionally a stenosis of the aiteiial lumen imposed by a 
segmental atheioscleiosis, thiough which a nan owed stream flows with in 
creased velocity into a still noimally distensible distal segment, thus setting the 
stage for the play of hydiaulic foices capable of pi oducing a localized aneiirys 
mal dilatation of the vessel (Fig 21, n) If there is a limited area of pro 
nounced localized w cakening of the w all in the segment just beyond the 
stenosis, where the play of hjdiaulic forces is gieatest, a linear rupture may 
occui, resulting in the initiation of a dissecting aneuiysm (Fig 20, c) Or a 
localized weakened aiea in the vessel wall may jueld giadually to the play 
of hj draulic pressures, resulting in a sacculated aneurysm distal to tiie stenosis 
(Fig 20, h) 

Once a dilatation has been initiated, the piocess is pcipetuated and en 
hanced thiough the application of the principle that a widened lumen slows 
the stream, a slowing of the stream increases lateial pressure (the Bernoulli 
principle), and increasing lateial pressuic further dilates the vmssel, thus 
setting up a vicious circle which is limited only by the inelasticity and rigidity 
of the vessel waU or by the incompressibility of surrounding structures In 
reahtj, the plnv of these hvdraulic forces may prove at times irresistibly 
destructive, as evidenced bv the inexoiablc dilatation of an aneurysm against 
such seemingly incompi essiblc or indcstiuctible substances as bone Through 
the operation of the phenomenon of stiuctural fatigue and by the processes of 
compression, inteiference with blood supplv, and consequent absorption, even 
the bodies of v ertebrac mav gradually be w orn aw sv The progressive thin- 
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Ding of the elastic vessel wall itself, once the dilatation has been initiated, is 
an additional important factor in its progressive dilatation by reducing 
progrcssn eh its resistance to the play of these hvdraciilic forces The progres- 
sn e nature of an aneurysmal dilatation once initiated is thus more easih under¬ 
stood 
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the stenosis, and a ballooning out of the aorta into a fiisifomi or a sacculated 
aneurism, or even m a tear of the media mth the production of a dissectmg 
aneurj-sm, is the inevitable lesnlt 


SUAIILARY 

A mass of fluid ejected thiough a narrow and limited constriction under 
high velocity stiikes against a moie slowly moving mass of fluid distal to the 
stenosis resultmg, first, m the conversion of high kinetic energy into high 
potential eneigy or lateral pressure and, second, in the lateial deflection of the 
rapid stieam and even m a complete reversal m its direction of flow, thus re 
suiting in a clash of opposing streams that produces eddies of alternating high 
and low pressures whose repeated impaets over a prolonged period agamst an 
elastic vaU are capable of induemg structural fatigue and distention of that 
wall Accentuating the play of these forces is a thud factor the Indraulic 
principle that a widenmg stream causes decreasing velocitj which m turn pro 
duces ineieasing lateral pressure The resultmg interplay of these tluee fac 
tors recurring repetitively ivith each systole m a pulsating stream, and opeiatmg 
in a limited segment of an elastic i essel, produces eventiiallv and mei itablv the 
phenomenon of poststenotic dilatation It is a higlily mtiigiung thought that 
this sequence of events may be the initiating and possiblj the most important 
factor m the deielopment of the fusifom dilatations, the saccular aneurisms, or 
ei en of the dissectmg anemTsms commonly observed in the arteriosclerotic aorta 
m 11 Inch segmental atherosclerosis or fibrosis may produce a localized or relative 
stenosis 

The recognition of the potential power of the hydraulic forces liberated be- 
1 ond a real or relative stenosis mai assist m the explanation of the destruction 
of bone and surroiindmg stimctuies that occasional!} accompanies the deielop 
ment of a thoiacic aneurism They explam also the aneunsnial dilatation of 
the vein usiiaU} seen at the site of an arterioi enoiis fistula where the arterial 
stieam under jiigh pressure and high velocity is ejected through an abnormal 
communication into the indened lied of the accompanying vein 

The occasional aneum^snial dilatation of the piilmonain arterj' in the pres 
encc of a patent ductus niav also be ascribed to the hydraulic forces liberated 
vhen the arterial stieam of high piessnre and high velociti is ejected fiom the 
nairow dnctiis into the -wider and less lapidh flomng stream of the piilmonan 
ni-tem -with its lower pressiiie 

It LS highly probable, also, that the sudden ceiebral hemoiihage attributed 
to the rupture of a small aneurvsmal dilatation has its inception in the precipi¬ 
tate unleashing of hidraulic forces siiddenh augmented In the heightened pres 
sure and increased ielocit-\ of flow incident to emotional stress or phisical ex¬ 
ertion ^ 

Similarlj, sudden death from rupture of a larger thoracic or abdominal 
aneurysm mav follow the sudden increase in blood pressure and pulse rate that 
accompanies emotional stress or phisical exertion and produce an increase in 
neocitv of flow which greatlv augments the play of hydraulic forces, -with result 
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mg sudden mcrease in lateral pressure just distal to the junction of the nar¬ 
row arterial lumen with the greatly widened bed of the aneuTTsmal dilatation 
These and other similar e ascidar phenomena mav find their proper expla¬ 
nation m the application of the hj draulic laws that govern the pulsatile flow of 
fluid through a sistem of elastic \essels subjected to leal or relative narrowuig 
1)\ congenital abnormalities, b\ degeucratnc processes, or In accidental injuries 
Thee gi\c stern warning also of the need to emplov, in vascular surgerv, 
methods of end to end anastomosis that pcniiit growrth at the site of imion as the 
(liild grow*;, tliiis aioiding future stenosis and methods that prevent or mmi- 
mi 7 C the deielopment of constnctioii at the site of anastomosis, either bv puckei- 
lui: at the time of operation, oi In cicatucial contractuie as healing progresses 

CJratcful ocKnowlodgnient Uerebv accorded to Professor J K. Vennard of the 
Deportment of -Cnil Fnginccnnp at Stanford Uni\er?it\ for his helpful advice and 
critiei-.m, and to Drs Ernest Sclmoor, Eldon Ellis, and Isen da Costa, felloirs m surgerv, 
for thiir inialualile help in executing the expenraental studies presented in this paper 
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THE ETIOLOGY OP CHRONIC INTERSTITIAL PNEUMONITIS 
ASSOCIATED WITH LIPID DEPOSITION 

Ax Experimental Stud\ 

William R Waddell, 31 D • ( b \ invitation), Ronald C Sniffen, 31 D** 
(bv iwttation), and Lawrence L Whvtehead, 31 D , P R C S (Eng )®'’* 
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Boston, 3 L\ss 

I N THE last feA\ j'eai's a form of cluonic interstitial pneumonitis cliaractcnzed 
by the picsence of intracellular lipid deposition has become iccognized as a 
pathologic entity' ® Such a pioeess may exist alone, behind bionchial obstrnc 
tion or m association -nnth other inflammatory lesions of the lung The terms, 
“cholesterol pneumonia,”^ “endogenous hpid pneumonia,’’® and “foam cell 
pneumonia’’® have been applied to this lesion to sepaiate it fiom other foims of 
pulmonary inflammation On the basis of the human material that has been 
studied, the clinical features of the disease and the pathogenesis of the lesion ha\e 
been outlined m a reasonablj satisfactory manner, but no specific etiologic agent 
has been found, in fact the slowly accumulatiug information on this subject 
indicates that the etiologt' is nonspecific and ielated to physicoclicmical con 
ditions within the lung tissue of vaiicd origin It is surprising that this unusual 
and sometimes massive deposition of lipid material has not been studied more 
thorougldj, particulaily m relation to the pathogenesis of atlieiosclerosis and 
other xanthomatous lesions 

Gross, Bioum, and Hatch have leported tlie deiclopment of “endogenous 
lipid pneumonia” in rats after prolonged bieathiiig of an atmosphere containing 
particulate antimonj tnoxide and on instillation of similai matciial inlra 
tracheallj ® Thej suggested that accumulation of cliolcsteiol resulted from 
nutritive derangement of maciophagcs detached fiom alveolar walls Ficiibcrg 
has desciibcd observations on human autopsj and suigical specimens which 
mdicatc to him that allergic phenomena afiecting the bronchioles resulted m 
obstniction of the teiminal portions of the bionchial sjstem and that the appear 
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nnfo of (hoksterol was secondarv to olistruction Cluan^ considered chrome 
hTiqiliatir obstruction to be ctiologicallv important, but both he and others^ 
rcro2ni7ed certain objections to this explanation 

Our inv estigations ha\ c centered about attempts to reproduce this lesion m 
(vperiincntal animals Bronchial obsti notion bv ligature or placement of foreign 
liodits within the bronchial lumen did not cause intiapulmonai’v lipid deposition 
m rabbits or dogs The instillation ot suspensions and emulsions of cholesterol 
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actuated maciophagos in the lung paieiicluTna “ Tlicsc e\pciinients Jicie earned 
out in tjjo gioups of lablnts (Jnc gioup ol animals j\as made Iipeniic hi feed 
ing cliolesteiol and oil A second group of animals uas maintained on stock 
diet Pubnonan infections weie pioduced in these two gioups of annuals b\ 
the uitiatiacheal instillation of s<ilinc suspensions of Pustenielhi j)scu(loiuhcr 
ctdosis and a stiain of Klebsiella imeumomae isolated fiom a fatal ease of 
pneumonia The animals Jierc saciificed oi died at inteivals from four hours to 
foitj-sejen da 3 s The lesions that icsultcd fiom these infections iieie ohsened 
giossh and studied histologicalh, aftei section and staining iiitli liematowlin 
and eosin and Sudan IV The cholesteiol-fed animals had serum cholesterol 
Ie\els langing heVieen 1,500 and 3,400 mg pei 100 ml of serum at the time the 
infections j\eie pioduced 

Puither obserjations upon the deposition of lipid in mflammaton tissues 
weie made bj ligating the nia]oi blood supply to the tibialis anticus muscles in 
noimoeholesteiolemic and in liiTieicholesterolemic animals 

RESULTS 

1 Gross Obsei lations —In nonlipcmic animals K pneumoniae or Pasi 
pseudotuhe)culosis usualh caused onh small focal aieas of pneumonitis some 
of uhich jveie identifiable onh on micioscopie e\amination Hoyeiei, tiio 
animals infected mth Past pseudotiibetculosis died within foitj eight hours of 
acute hcmoiihagic edema without cellulai e\udatiou The minimal lesions in 
normocholesteiolemic (stock-fed) animals contrasted sliaiph with the large areas 
of consolidation that dcj eloped in the lungs of lipcmic. In peicholesteioleniic 
(cholestciol-fcd) animals Giovsh the consolidated aicas weic whitish-iellow 
and caned fiom lobulai distnbution to mnssue solidification of almost the entiie 
lung The nuohcd aicas weic airless and thcic was no c\piessable esudatc 
The intciwening pdienelnma appealed noimal 

II Micioscopic Obscivaiwns — 

A Ilypeicholesietolemic animals 1 Fnedhindci s bacilli injected intia 
trachcalh caused an initial diflusc acute pneumonitis followed be an interstitial 
leaetion characteiized piimaiih b\ laigc numbcis of maciophages in the aheolar 
walls and aheolar opithcliali7ation with apparent desciunination of the septal 
cells into the an spaces Laige ciuantitic*- of lipid were found in all these cells 
regaidless of then position within the lung pai’cnclnnia (Fig 8) Cliolestciol 
and fat were piesent in actnated septal cells still attached to the aheolar walls 
in maciophages within aheolai walls, and in ficehing maciophages in the 
aheolar spaces 

2 In the lungs of annuals with Inpcicliolcsteiolemia. Past psendoinher 
culosts pioduced an acute pneumonitis with laige aicas of neeiosis The sui 
lounding 7 one of reaction contained mam maciophages filled with lipid giainiles 
In this zone the swollen septal cells contained lipid gianiilcs sudaiiopliilic ina 
ternl was also piesent in the ciidotliclnl cells of the capillaries and pleuinl 
mcsothclial cells 

B Xormorholcsicrolcnuc animals Fiiedlaiiders bacillil introduced into 
the lungs of rabbits on stock diet produced a focal acute pneumonitis in the first 
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icw hours and subsequentlv au interstitial pneumonitis without tissue destruc¬ 
tion The c\udate consisted ot liinphocAtes ueiitiophils and eosinophils and 
111 particular a large accumulation ot macrophages in the swollen aheolar Avails 
There was focal niigintioii of the macrophages into the air spaces Fat stains 
demonstrated onh a few lipid granules in a small number of macrophages 

C Mu-,ch ischoma Ischemia in the mnselcs of lahhits i-esulted in acute 
necrosis of the fibers Anth a neutrophilic infiltration and subsequent prolifera¬ 
tion of cndomAsial fibioblasts In hAqicrcholesterolemic animals there was a 
pronounced accumulation of lipid in the pioliferating endomAsial cells whereas 
111 stock fed animals Aer\ few lipid granules had accumulated (Figs d and 10) 


D1SCL''SI0\ 


The CAjieiiniental results described herein mac help to clarifA some aspects 
01 the iiathogcnesis and ctiologA ot eholesteiol piicnmonitis in man (1) The 
mflinncc of eleiated blood lipid leiels upon leactious to infection has been ex¬ 
plores! (21 The origin of the lipid matciial and one mechanism Ija Achieh it 
ent.rs ihc ahcolai spaces seems rcasoiiabh ceitaiii (3) There is an indication 
'f "Inch fat and eholesteiol mac apjiear Avithui macrophages 

omparMon ot the pulmoiian loaetion piodiued b\ inlcction in the 
presence ot Iqu niia with the reaction in ischemic muscle iii the piesence ot lipemia 
« ows ceiiain ititerenccs coiucrnmg the etiologc of Imnian chionic pneumonia 
nsM»,,ted with large lipid deposits 

iiifliJlr 'IV"i“* ot these experiments elecated blood lipid 

•mmiils infel mflammatoiA response in lung In the 

•miiinkdiod w " ' '’I' foi eximple tiAc of six lipemic 

mimAls ,,i thn iTr" noiilipeimc animals died Both of the 

cdciin Tlio ^ "roup died \Anthiu tA\o class of hemorrhagic pulinonan 
"Ion xicrifurin'" '''''''' remained healtliA and 
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It IS logical that the influx of fat and cholesteiol occiii's fiom the blood stream 
through a damaged eapillan bed ui the same mannei as otliei colloidal substances 
ha\ e been shomi to cutei luflammatoi'v sites 

In these expciimeuts activated septal cells, and maciophages l\nig fiee m 
the ahcolai space and m the aheolai malls meie noted to be heavih laden with 
lipid mateiial Fnitheimoie, in some aieas of infection capillars endothelial 
cells veie filled uith tat dioplets Tins indicates that factors other than the 
meie piesence of lipid vithm the alveoli are also of impoitance Conseqnenth 
the suggestion hi Gioss, Biomn, and Hatch that lipids accumulate in mtia- 
aheolar maciophages because of nutiitne deiangemeut seems inibkelv Hov 
eiei lipids iclcased into the tissues bv disintegiation of the phagomtes mav 
icsult 111 the contmuatiou ot the niflamiuatoii lespouse 

In hi'peicholestciolemie annuals the accumulation of tat and cholesteiol in 
pliagoc's'tes mobilized to cleai avai dentalized muscle is pertinent to experi 
mental lung mfectioii in tlie piesence of lipcmia Bacteiial infection mas not 
piesent in the muscle indicating tliat it is not a pieieqinsite to lapid mtra 
celliilai hpid accumulation Tlie emiionment in isclicmic muscle and infected 
luiur mai be snnilai uameh cellulai bieakdomi piodiicts local acidosis, ac 
tinted maeioplngcs damaged capillaiies, and lipenua It is concluded that the 
pinsicochemical emiionment is of piime inipoifance, and that the human lesion 
IS not specificalh ielated to auv paiticiilai etiologie agent 

Theic IS no evidence that hvpeilipeniia is iiecessan foi tlie dei elopiiieiit of 
cholesteiol pneumonitis in human bemgs The few patients on whom blood lipid 
Iciels weie measiiiod hn\e not shown an eleiatioii of total fatti acids pliospho 
lipid cholesteiol oi cholesteiol esters* The fact that qualitatnch sinnlai 
lesions haie been produced in anninls on stock diet gnes some assuiaiice that 
the difieicnees between stock-fed animals and cholesteiol fed animals arc onlv 
qiiantitatn e 

In summaiw, intiapiilmouniy deposits of laige quantities of fat and choles 
teiol ha\o been obsened in human bemgs rabbits, and rats Such lesions 
ha\c heen piodiiccd in labhits as a lesult ot two difteient bacteiinl infectious 
and In the inhalation ot paiticiilate antnnom trioxide in lats® Iluscle degen 
eiation in the piesence ot lipcmia resulted in the accimiulatioii of fat and 
cholesterol in macrophages mobilized in the usual pioccss of remoinig deiatalized 
tivsue In the aorta seici il foims of tiaunia*'' and methioiinie deficient*'' haic 
led to athciomata in expeiimcntal animals PmdoMue defieienci can lead to 
aiteiaolar lesions with hpid deposition Fat and cholesterol accumulation m 
sites of ehioiiic niflainination is a common oceuircncc The common denom 
inator would seem to he tissue inpiri lesulting in a change of the local plnsico 
iheimcal conditions 

soaiF GF\ER\L CONSIDERVTIONS RErnTnU; 

TO TIIF \nNOKM \I deposition OF LIPIDS IN TISSITS 

The watei-iiLsoliihlc lipids of the blood and tissues exist foi the most part 
as stable piotcm lipid lomplcxcs in colloidal solution or suspension Like otlier 
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celloid the Stahlht^ of hpid emulsions in the blood and tissues is depeiid- 

nit It. part upon the elcctroslatie repulsion between indindual molecules mi- 
< olios and particles of like charge (a negatne chaige in the case of hpids) Mam 
alt. rations among them the Indrogcn-ion eoueentration can result in agglutina- 
tioii and (oalesrintc of indiiidual particles and ‘breaking’ of the eolloida 
swum The propeitus of colloidal lipids arc contnbuted to in part In the 
.issoemted proteins For e\aniplc the lipoprotein in nhich most of the serum 
I holt sterol is found has an isoeleetnc point about 5 4 Among the pin sieal and 
(hcmual ihangcs that occur in infiammaton tissue that might influence the 
hcliar ior of lipids, the Indrogcii-ioii concentlation in exudates and reacting cells 
so. ms oi fundamental iinpoitanee Pci haps of ccpial importance is the beharior 
of iirolcnis or other substances and then influence upon negatnch chai-ged 
atiioiiie molecules micelles and paitieles 

Ilydrniirn-lon Concent ration ni Injtncd Ti'i'snc —It is knomi that tissue 
injun and infection result in local aciditc The incicased ludiogen-ion conceii- 
trition is the result ot lactic acid actuimilation during anaerobic or pai-tialh 
iiiurobu ghcolxsis'” The pll \alnes of most evudates fall in tlie range of 6 
to 7 ' In iniurccl tissues tlicie is little data based on direct measurement and 
In.lr.i". n ion coneeiitration has been measured under few in m\o conditions 
litdc.d the major efloit of most pinsiologists woiking in this field has been to 
noul th( effo.ts of injun The most important eontiibiitions in tins rcgaid 
ha\. b.Pii made be Noedliim and NeecllinmRoiis=-' Oilding^'' and Chambers 
md isscunus' ■ ('hambers gvecs a pll of 5 3 m injure and ceflolesis 
' eiojihstiiK inclusions m .iinnebae eeeie bdoee pll 7 0 and appaienth moie atid 
thin ilir siirroundmi! protoplasm The eetoiilasmic inclusions eeeie found to be 
nspoiisiec to .hang.s in cueiioninental pll eehercas the remainder of the 
'Mofihism and iimlcus eeoro not These figuies aie at or ncai the isocloctiic 
point ot mine tissue jiiot.iiis and on the acid side of some Rous found a pH 
of t or 111 low in the letojilasmic gi mules ot pliagocetcs using litmus as an intra- 
' • lluhr imb.atnr 

Tlu import im< oi liedronen ion conceiitintioii in ugaid to lipid deposition 
ari>-i s Imm the amphoteric imtiiro of jeroteins the cfiect ol loeeering the pII upon 
to ictual and IK t cli n-gc t xliihited be proteins and tin effect of these alterations 
u)ion t II ii(_itiv(l\ dm aid .olloidil lipnls Furtheimoie eeen in the absence 
] Too IMS ( 1 ) nmi s in ]\H ahis t tin st ibilite ol i olloidal lipid for c leli emulsion 
or 1 dioid Miluiioii is dnradni 7 ed be an isoelectrn area Shifts of pH loeeard 
1 II isiM iMrii point of I ioIIokI,] sestcni detrut fium the stabilite of that 
rmd lipid paitules or innlemles mae be coalesced 
or iin I ipii iti d be p]} diangcs ihit njipioach liie isoelectric point 
loll III (liirgi h\ other ni itorial m le eaiisc ‘ lire iking ’ of 
. '’'h.eid thit sauh pin noun 111 ire responsible m part foi 
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extent and nature of the binding of othei anions hi piotems liaic been iincsti 
gated This mfoi-mation has not been applied to the iindei'standing of almoi 
mal bpid deposition m tissues One of the constant changes aecompaiiimg 
tissue in]uri oi mtection is an ineieased hidTOgen-ion coneentiatioii ■which mai 
nil oh e indiiidual cells small gioups of cells, oi laige masses of tissue One of 
the effects of such an alteiation mai be that the local pH appi caches oi falls 
below the isoelectiie point of some of the tissue pioteins of the injuied aiea In 
geneial as the pH falls the pioteins in that ennionment behaie nioie like bases 
until at the isoelectric point the negatiie and positne paits of the molecules 
theoietiealh balance one anothei Belou the isoelectric point the positneh 
chaiged loci of the molecule predominate and the inoleeule as a -whole hchaics 
as a positneh charged base Such basic molecules can leact diiecth oi form 
film complexes intli a -AaiietT of anions In a broad sense the negatneh charged 
lipids can be consideied to behave as anions E-veii such iclatueh large paiticles 
as chi loniicrons enter into proteiii-lipid complexes that disiupt the colloidal 
s-Astem holding them in suspension Complexes formed between basic piotems 
and lipids can geneialh be chssociated ivhen the pH leierts to the alkaline side 
This fact mav ha-AC some beaiing on the disposition of precipitated lipid m a 
healing lesion At pH 4 to 5 piotem-lipid complexes haie been fomed using 
noinial blood sciuni, aqueous extracts of muscle, puiified albumin, tiiptic digests 
of serum and muscle Phospholipid stabilized artificial trighceiide emulsions, 
the blood lipids of rabbits and human beings, and emulsions of pure phospho 
lipids have been shown legulaih to enter into combination wnth the Aaiieti of 
piotems mentioned aboie 

Some pioteins wnth high isoelectiic points fomi stable complexes at all pH 
lc\els within the ph-Asiologic lange Protamine is a notable example of such a 
protein baling an isoelectiic point iieai 12^* Histones behaic simiJarli Small 
peptides of this sort appear fiom the disintegration of tissues of mani tipes 
The deal age of nucleoprotein could lesult in the appeal ance of considerable 
quantities of mateiial hanng qualities similai to protamine and histone 

It appears leasonable that the deposition of neutial fat, pliospholipid, and 
cholesteiol in aicas of disintegrating tissue oi aieas of mflammation should be 
explained in pait at least on the basis of pH cliaiiges and the reactions between 
amphoteric pioteins of the iniohed tissues Similai phenomena explain the 
localization of colloidal di es and metals in ,ii eas of inflammation ' L ndoiibtedb 
degcnciation of some tissues lesults in inoie sinking eftects than othei-s and this 
mai be explainable on the basis of the pioducts lesulting fiom injuiw to and 
disintegration oi certain tissues The elastin of aiteiies tlie collagen of tendons 
the ground subsiance itsell aie piotein and the sIoaa liberation of bieakdoAni 
pioducts following mini a ot a Aaiacta of sorts ma\ be one ot the pimcipal 
causes of the accumulation of lipid mateiial in these tissues 

SI VIM ARA 

K pnrumonulf and Past pseiido/ubfrni/osis in the picsence of higli blood 
lijiid le\els jirodmed i pneuimmitis m rabbits ehaiactei ized ba deposition of 
largo quantities of cholesterol and fat in the inflaminatoi a aieas The pitliologa 
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Unions (IumK Icspinblcd (hulcslciol cndoiruiovis hpul oi loam tcU 
[oiMimoiui pxMoii'.h (lescnbul iii human beinps ind ^^cu sinnlai to se\eial 
olh( r pt'' ol \ intlioniatous lesions In the pi cscnei of iioimal blooil-lipid lei els 
f.il .111(1 (bolesProl also appeared in small .imoimls m eluonicalh inflamed areas 
siiml.ir iilieiiointna occurred in istheimc muscle suggesting that the process iias 
(bpeudciit upon local plnsicoeluiuical conditions The suggestion is made that 
IcK d uulosis dec eloping in an inpiied oi infected tissue lias an adiei'se effect 
upon the colloidd lipids The effect ol loueitd pH is laigeh on the charge 
(\hibU(d be colloidil hpids and piotiins The pathologic significance of the 
ic i( lion he tie ci'ii basic proteins phospholipids niidnegatueU chaiged (anioniel 
hpids IS discussed 
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DISCFSSION 

DR EDGAR W DA3 IS, Washington, D C—I haie a feeling that this subject is of 
niucli greater importani c than most of us recognize nt the present In the first plnco, there 
hnxe been quite a few cn»es of lipid pneumonia reporteel ns industiial hazards In the second 
place, there is a segmental ti|H? of Iqiid pncunionm which presents a distinct diagnostic 
problem in diflcrentinting it from bronthiogenic carcinoma or other forms of ncoplastn 
disease During the last twehi xears w< have operated upon six initicnts with “loenlizid’ or 
“segmental” lipid [mcunioiiin which we bilicxcd preoperatnel\ to bo earcinonin A report 
of these cases le being published in the Tot rx xi, oi Thoracic Sorcfrx Of our six patients 
oiicrated upon, onl\ three had had brniicliogrnm« nnd in two of those the contrast media did 
not enter the diseased segnii nt« Three of the patients gme a clinical histon of the ingestion, 
o\er a period of ninnx xeirs, of large qiiaiititics of mineral oil for constipation One jiatn nt 
had a long histon of the use of oil no»c drops nnd one patient was a high altitude aiiator wlio 
iLsed Jietrolenm jtlh around his nose nnd mouth to make his mask fit lictti r One otlii r patient 
gnxe no Instore of the use of oil and had not Imd a bronehogram Our pathologists felt 
that all of these presented the same niicroseojiie appearance nnd the diagnosis of lipid 
pneumonia e\ is made 

I should like to ask Dr Vnddell how a diagnosis of lipid pneumonia can lie mnde 
jireoperntivc 1\ Obeiouole, if the disease is a localized or a limited one, surgen is ccrtainle 
m order When the disensi is diffuse and/or mottled in appearance, we should have sonic 
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^ .V of n-vVinc Oie In n fcK piticnts not opcratefl upon, -but tvbose x rays and 

,1,„„ .1 )u-tor. M to tnaVc a d.apno=m of Hp»d pneumonia, lee have done bronel.oscopieo 
u.rn I-ronrlnM vca^fnnR-. repeated bronchial ^^achlng;^ means of a bronchial catheter, 
.nmindion-: ^nd even aspiration biopsies of the diseased lung, but these specimens 
I, ,1. faih--) to r. i.al the bpid elements The one patient in our reported senes nrho did not 
I lu 1 hi-lon of tie usi of oil and in nhoni a bronchopram had not been done mahes me 
nind.t v-hetinr or not it is pos«ibh for this to be the product of something that is not 
n- I anil ml ( ould this be the T» suit of nietaholism of cholesterol, etc ’ 

1 injoi.dPr W iddell s pre«<ntation iniimnseK 

\tl lIO FlOI'^s.pp^ <,^,1 irancisco, Calif—I agree that this is an interesting and 
iii)j.ort lilt -uli 3 e<t 1 nondcr nhctlur the parathn aspiration pneumonias to rrhich I thmh 
Dr Dan- r fets ir, tin sanit ik tlm^c l)r Waddell was distuscmg 1 wonder whether Hr 
W ilMI emiM till us ihithir the lipcmin |s ihc e vuse or the effect of the disease There 
1 a di ea. 1 niioug shis,^, hnonn is p-eudolubirt iilosis, an eptilcmic disease which stnKinglv 
ri ohh m il(i gro-s at hast tie puturts nhich Dr Waddell showed us todaa ^some of the 
til mix r from tiu no longi r wild but stdl \\n<dl\ West probabh hnow more about this disease 
III in 1 <to if \i (isini- in sUcep spnnt inooush pirhaps the sheep uould be a more appropriate 
inuu d to Morh with thin r-ibbit- 

PU 11 \I101 1) \ 1 ll’P, Pittsburgh Pa—1 ri~i to discuss this paper bnefls in the 

light of iiMiWing 0)111 am n lit hisforv with wlmli I am iiitinmtcK airiuainted About 191*1, 

unlit tlie diris lion of Pr O'Kar Klotr a Canadian gintUman of distinction, at the Xlnnersita 
of Pill biirgli ] stmjmd tin lariitions m choUstirol in the blood scrum in pneumonias He 
had Ixx n lat'ri'ti'i in Kie d'position of iholisterol in thi walls of blood vessels Tins work 

HI ri [Kirti d in (lu fiuiwiru Piokk ti \g CiirMisTTV \ oluinc d-l, 1*120 

Th ihnlstitol ((intent of the blood smim in pneumonias exhibits the following 
i iri iiu n 


a V [ firrian In pix |iolcs(( retiuu, tin ihgrec of wimh i' di peiidcut upon the degree of 
tuu„ itnolum nt am! ‘in inlensiti of ihi inflation 

b V (oulin In jii r< hoh stert nil i m the period of i onrali si ciiic during and con 
timiin^ for a i iiiing (x riod of timi iftor (he ri'olutinn of the pneumonic exudate 
' \ r'liirji to till iioriii d ihidisiirol i imti nt of the senini 
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niiimte In either mineral oil, tod Iner oil, or other forms of aspiration lipid pneumonia or 
pariffinoiiin'-, the droplets vari greath in size, and even at a glance the pathologist can 
distinguish b-’tween the two diseases 

The question was asked as to nbother lipemui was the lause or the result of the di«easi. 
It eertainh was not the result of the disiasc The control scries of animals undernent the 
same tTl>c of infection ns the e\i>eriniental animals and ninintamed normal blood lipids The 
]ioint we would like to make is that the lipcmin influences the disease, it influences the 
normal course of two tapes of infection in rabbits simple be its presence 

I think the suggestion about studa of the disease in sheep is pertinent to this problem and 
pi rhaps to the deposition of lipids in other diseases, prineipallv those of the blood aesscls 
biHause it aaould offer an experimental setup that avould perhaps bo more to the point than a 
haperlipeniic rabbit I think Dr Kipp’s aaork back in IbflO avas aerv instructive and it 
pointed the aaaa to a good deal more avork that folloaved along the same hues In fact the 
measuremeiit of lipid content of sputum aaas proposed at one time as a prognostie sign in 
folloaaing tin course of pulnioiiara tuberculosis It avas ultimatela given up because it 
lorrelatcd prineipalla aaith the destruction of tissue, although it did have its adaocates 
oair a number of a ears 

I should like to thank each of the discussants 
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T he iiittrrtl uioii'-lup 01 the jnilmonan and lironehial cireulation in the lungs 
w oi (huK il and ‘scientific unportance Pathologie and experimental data 
ijcnidn^'ritc the tindciu\ lor the bronchial component ot tins dual vasculai 
'-c-tcni to enlarge wiicn the pulmonan arterc becorae> smaller or is occluded 
irlc conueintal ab'sence oi h'poplaMa oi the pulmonai' arterc to a lung 
■- onm i"-o(iitc<l null compensatorv aromh of the bronchial or s\stemic 
\ iMiihtiiie ot that Itinir ^itch alterations m the Mood ce-'-els of the lung are 
ircfjuciitl' seen in n'''ocntion nith those conuinilal cardiac lesions which ha\e 
an abM ni t or Inicoplasia of tiie main pulinonarv arterc and the enlargement oi 
Uu hroiuhi.d bUsid tlon pins an important role in the surcual ot some of these 
t inline pnirni'' ( onitemtal anomalies of the pnlnmnan and s\ stcmic arteries 
to 1 liiiio nn\ also cKciir imassociatcd nilli nnmarc heart disease Numerous 
vnstim.", oi moiinloiis arteries from the s.\>.icmic circulation hcing found in 
is'ocutiou v\uh hroiuhouciiK ccst^ conticnitnl bronchiectasis and secjucstration 
of portion oi liic luno ln\c hccii reported * Less common is the finding of 
t 1 irei scsicnm irtorv dolueniig artenaliresi blocnl to a liinir nhicli shows 


no tcidciut oi <_rovs momaloiis docclopmcm ot the puhnoinn tissue' ‘ Con¬ 
i''m i! ifs tu\ 01 ihe ridu or left ptilmoinre arten mu occiu enthout ah- 
non'i'’!ii\ o! tie hromhiil lu'c or lobir deselopmcnt'' In other instances a 
miUoh 1 or lup)j)lisju Innir nithout cvstn. or hronchicctatic lesions mat be 
sitppbnl b\ 1 snnU pnhnonnrc irtorc and nnonialons sesiemu ‘irteries '^iicb 
ion_,nitil nonii),,-^ „t juiimonare ind swtemie \csscK to one lunc mai 
ii ill in ('ll 111 dll niioiis in tlie IiIoik] (low ot that Inner nhich sometimes 
pro-bi, seni^i iis Morvoecr the nsufiir amnirenii nts that occur in sntli 
bnuN iH ot cunsidfSlid, vitcmiln niurc->i m in nuesugition of the dml 
]i i non re isi 111 ir se Nt, 1,1 j],, dim,,] ridioloiru iciinrcsof til absonit 
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fiom the aoitic branches (Fig 1) NormallA these aortic connections laigeh 
disappear as the ^ential segment of the ple\ns becomes a better-defined channel 
r\hich ordinanlj derelops into the mam pulmonair aiteiv But if the rentral 
connection to the pulmonan plevtis sliould fail to develop noimallj, the dorsal 
aortic branches mar persist Then the lung m postnatal life niaj eontiniie to 
receive branches from the aorta Thus m the embrrmlogic derelopment of the 



pulmonair raseulatuie there is a similai tendtnc-\ for the sjstcmic oi aortic 
components to compensate for a dchcicncr in the pulmonan arten channels as 
there is in postnatal pathologic pioccsses Likcrrise the mechanism of derclop 
merit of the bronchial collateral blood flow to the lungs in hrpoplasia or atresia 
of the pulmonarv arteir of conncnitnl heai-t disease is understandable 

It would seem logical to assume that the earlier the embnologic aberration 
occurs in one component of the dual raseular svstem of the lung, the more 
cxtensire the changes in the other component might he It would also appear 
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hkth tint The iiCt\\ork of \c-ols conmenn? tho two Aascular s%stems m the lung 
m eertam cmaenital anomalies oi the heart an.l lungs ma^ he diftereut than 
tlo'C i)roflnei,l h\ e\pir)nicnt il or surgical procedures which alter the blood 
tlmi m aii\ part ot the dual s\ctcin in postnatal liie '^tinte the nitrmsie mtra- 
pulnmnan \aseulnr patiem max dificr in maux xxax< depending on the exact 
t\pt' 01 X ascvilar anoinalx present lull iiiiorniation must await injection studies 
(It the X •’nous tx-jus of eases 

xR'Faxti 01 Tin ri t xioN\n\ to onf iirso 

<irv iicr me oi ansziocardiouiaphx has xhmoiistrated that congenital absence 

• it o!u puliiioiiarx nrterx is not tlic extreme rantx xxhich the literature xvonld 
'uaei'i' ^irnc si’in^^ j'aiicnts with this aiionialv aie tree of significant sxTiip- 
tmus tilt mnilition will lie dthiulelx dianno'Cil onlx ii some siiggcsiixe leatiires 

• •! tin rontiiK X lic't rx'cnt*tsnn<Ti xm are appreciated and tiirthcr mxostigations 
midiriikin \t j'u-.ent the data ire too meicer to jiistnv final conclusions 
I'Ut pri'Mitition ni (urront miorniatioii max aul m lurther ex ilintion This 
ills ovsiiin is iKit cnne< rned with atresia xxi the mam pnlraoxiarx arterx in 
ti ir'l()_'x <ii I allot or oilier majL>r consenit il xanliae lesions* 

^\h'n till hlfxxl ilow through one juilmonarx arterx s reduced or absent 
ntliir as a roult ot dni, sviniic il mtxrxentum or congenital anoraalx the 
ixspiiitxirx iumtioii oi sux'h a Inin’ is laiuelx lost The xcmilation max 
•Imiinish to s \ irxiii^ •Ic-Tx'e Tl.eie txiid- txi he m mcreise in the bronchial 
• iniilirioii witii III UKicise lu the iiiiiituuul conuminication hctxveen the 
piilinoii rx 'inl hntii<hnl xa'xulir s\ stems \ mler eonditions oi maiked anoxia 
or tfi It 1 arl'oii dt'ixido ntxntmn some rx-piriton iiuution mix bo eluited in a 
liirij; will! h lias no pulnwinrx irterx but is stip^iUod eiitirclx bx sxstemic vessels 
Tiu suu , (,*i Willi <oii_oiiital aiisctixe ot one ]mlinonir\ arterx max not be the 
" "li I till main brent h txi on« huu: is xuihuhal In dm ise or sm-’ical 
lutirtnn.u lu th, (.,s,e oi the onludcd pnlmiximrx irterx the extemixe 
x SI i\ r ilnntiiis ifist i] (Jk. site ot xibstniLiiixu max leiiiaiii patent to a 
^ < ill r or li-s, ,1, m i xomnuinuatmns xxath the bronchial 

itiri 1 svsi'ii liiionnatinii loiuxnnnir ilie ilet''ileil xasfiilar amnerement 
‘iimxnitil ai'stx'iKx xu ilic pulnmiiaia arterx is lackine: 

1 ^'"''' 1 ' rn will I'robiblx \ irx irom xase lo xase suwe the 11100111111x10 

t I I IS I swppK iixi .1 ih( sx^tmiii irtx n il sxstem imx larx xxulelx ‘such 
11.1 ri ns HI 1! iroriil li’o.sl siippK III X's, s 01 aiistine of the pulnionarx 
rt,r\ III X lasiilt ni m xanstwwxs m ilu xlimi d md ridiolojie fiudimrs 
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lung-uHth-vamng degiees of mediastinal lieimntion (Fig 5) The diajihragm 
on the ahnoimal side is sometimes eleiated The degiee of i eduction in loliimo 
of a liuig -without a piilmouan arteiT vanes coiisideiabh In some cases the 
lung appeal's onh slighth' smallei than noimal, Mhcieas in othei mstanecs tlie 
1 eduction is consideiahle This laiiatioii in lung size Mill natiiralh influence 
the degree of mediastinal displacement and herniation, and position of the 
ipsolateial leaf of the diaphiagm In some cases fliioioscopi mil demonstiatc 
mediastinal shift toivaid the abnoinial side on deep inspiration but this finding 
ma\ be absent if the lung lentilates nell The \olume of a lung -without a 
pulmonarj' ai-teii may be altered b} superimposed infection to which such lungs 
seem to be susceptible (Pig 2) Also during bfe it ma-\ be difficult to ascertain 
definiteh ivhethci the lung lias a normal number of bionchopulmonaii segments 
unless a complete bionehogiaphic Msualization has been obtained 

Anothei aid in suspecting the diagnosis of absence of a pulmonary aiten 
to one lung is to note the i-elatuc si/e of the hilai -vasculai shadows on the two 
sides Theie mil be a decrease oi absence on one side wnth enlargement on the 
opposite side The loentgen dcmonsti ation of diminished lulai \ascular mark 
mgs on coni entional films is easiei on the light than on the left side Wlien the 
pulmonaii aiteii Inancli is absent on the left side, the displaced heart tends to 
oieilie the hilai area in the postcioantenoi piojectioii 

The effect of congenital absence of a pulmonan artei'j’^ bi'anch to one lung 
can be considerabh altered by the size and magnitude of the si'stemic vascular 
supph to that lung Angiocaidiograpln can giie some important information 
about this blood flow if man-s films arc taken in rapid succession In cases 
mthout congenital cardiac disease the bionchial arteries, although laigei than 
normal, are usualh iclatneh small If the lung without a pulmonan arten 
leceives a icn large sistemic arten as in Case 3, icn' different clinical and 
radiogiaphic findings are picscnt (Fig 7) The angiocardiogram usualb 
demonstrates a fine nctwoik of bionchial icssels supphing the lung wnthout a 
pulmonan arten These lessels become opacified attei the aorta has been 
nsualized and at a time when the opaque matciial mai liaie alicadi laigch 
cleaied fiom the pulmonan leiiis of the contialatcial lung (Pig 6) This 
lasculatui-e maj not coiicspond closelj in its lelatnc distnbution to the normal 
bronchial vaseulai s-sstem In Case 2 the piomincncc of these bionchial \cssels 
at the penpheri of the lung is notable If one beais in mind that the pleuia in 
man denies its blood suiipli tiom the bionchial si stem, the large size ot the 
icssels 111 that location is undentandable In this jiatient the densities cast hi 
these eollateial icssels wcic sufficicntli inomincnt on the eoniciitional film to 
haic been incoircctli mtcipittcd as tubeitulous mfiltiations 

AVhen a lung roceiics no bronch liom the main pulmonan aitcn, the 
eiitiie blood suppli natimlli conics fiom sistcmic aiTcrics which cam aitennl 
i/od blood Although such a lung iciitilatcs theie is no oxigeii uptake from the 
gas Ill the all coll unless the partial picssuic of oxigen in the ah cob is gi cater 
than that in the aiteiial blood, which would onh occur undci abnormal cii 
cumstanccs The amplitude of inilmonai-j leiitilation noted in the lung without 
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, ,,nImo,nr^ artcFN lias been ks. than that of the contralatetal Inng Nstth 
iiornial ptilmonarv oirtnlation Therefore lluoroscopic examination nla^ shw 
,le^ntion ol the mediastinum toward the ahnormal side dimns inspiration Tl i 
uncismi iiiitilation ma\ loid to an eironcous diapmosis ot partial atelectasis 
In ^onsvdcrition of the total pulmonan fniietion in the ahsenee of a 
ptilmonan. nrteri to one inn!: it imist he homo in mind that a numliei of 
taetorv mae pla\ a mlc Tiie me of the jiatient the side of the ahnornialirt 
the <h-:roe of rcdmtmn in the ^oUmle ot the ahnoimal Imig in \arious phases 
of respimtion and the extent of tiie hi-onelnal and other sestemic Wood snppk 
111 i\ uU nithieiiec the result 

Studies <'f the pulmonin funition in a ease ot con!:enital absence of the 
putiiimnre irtcrv bniieli to the ii"ht Inns: ha\e been made In Aladoft Gaenslci 
ind Sfnedtr Their 14-\e u-old female patient showed a moderate rednetion 
in pulnioinrv eolumcs hut no eeulenec of omplusema The onl\ distinctly 
ihiionual htidiiit: was a total \cntiiation wliteh was almost twice normal liccaiise 
both luues ecntilatcd lUlumuh oi\l\ one absorbed oxMten Hence tbci'c was a 
marked nun isc ui the eentilation iiiunakmt The artcnal ox\gen saturation 
was nornn! 

S'tcinberi: Hotter md Lukas” hate made studies of the pulmonan 
tuuctmu u\ two adults with eongemtal absenee of a immi branch of the 
pulmomre artrn The huur volumes inaxtimtni lircatbinc capaeitv ventilation 
and hltHul uoscn won. iiomul ui a 24 vear-old mm with absent loft pulmonan 
irtcrv III n V oir-(iid woman witli absent rmht pnlmonan alien there 
"cre nuriiscd residual and total lung volumes and slight diminution of 
m ivmuim hnatiniig < ni.uitv luit uitinpuimoiiarv mixing and alveolar distrihn- 
lum of (iir vvirr normd < ardiac eatheiorizalion suidie^s in the vonn" nnan 
slioi (d norninl imhimn irv utvrv presj-ure at rest with nvikl pnlmonan arterial 
))'[s ri'’iiM(in diiniig ( veic is( that doubled the i inhae outjnit 

L'< tiisi III til, snull number ot » isi-n of .ilisciitv of the pnimonniv arterv 
whnb b-’Vf ilujN jnr been ol>s,rviil onh lent itivc rocomiiioiidatioiis eoneerning 
tin npv , Tt) 111 iin/h It this tune It superimposed inilmon in infection is not 
i'lisint nul if tin aitomnloiis svstenin eircuhtton is not ot sueli maaintudc as 
< Ills, s _ii|)„ )„) < irdto, in III lion ih rumemetit no surgical intcncution 
1 nis nidu itid In \,,ii,f , isi>.t|), svmptoms of chronu inlcetion m the pulmo 
lurv Us n, uni, d,„„rm,) .,r<nhi(ioii m iv indii itc iisction In the ran 
in iiii'i III wbuli till SCSI, line biiMid How to the anom clous hniu is nnnscnlL 
rtr.. md nmdts ,,„h„ntnrK ,i>irj<<tt„„ w,il, or without c trdne mil irgemcnt 
iin.u d pr,s,dnr>s huhs} t; nsJu, remutmg or removuig tbes, anom dons 
r,minis must 1., M>,is,d. r,d Th, mtopsc imdwm. ( ,s, t i„du itcd tbit an 
. smvdtv nmmd d.s,nl,„,..„ 

r. nlM vnnn , snr.,.-,! trmst.ro, ,i„ ,,r..s,m d end m ib, niiomnlous ,nerv 
iron,I, tin sub o, tb, ii. in, ,„dmou in vrten 
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■uith the gloss and micioscopic findings of the abnoimal lung The Inston 
seemed ttpical of bronchiectas s, -vet lepeated bionehograms shoiied no ectasia 
Giosslj and mieroscopicallj the eMdence of iiiflammatoiA infiltiation as meager 
in \iei\ of the sj mptomatologt M]e^oscoplcall^ theie ^^as slight dilatation of 
the smallei bionehi, but the stiiking featuie ^^as the lathei uniform thickening 
of the inteiaheolai tissues One ^londci’s, theiefore, ^hethei the dciangcd 
eiiculation plaied a significant lole in the pnlmonan si mptomatologi Keliable 
statements concemiiig the nails of the blood lessels nithin tbe Inng must await 
moie extensile studies 

Case 1 —A 9 ^cn^ old boj Imd a liistorj of recurrent pneumomn, productne cough, and 
occasional hemoptcsis His respiratory symptoms dated to lnfnne^ ulion coughing and 
wlitcnng were noted Bronchiectasis had been suspected for many icnrs, but scicrnl 
bronchograms had been normal Eoentgenograms taken in earlier years had shown nsnu 
metry of the thorax «itli narrowing of the interspaces on the right side and deviation of the 
mediastinum toward tlio right nliicli increased nitli the passage of time (Fig 2, J and E) 
In 1913 an anomalous blood supph to the right lung nas first suspected and angiocardio 
grams nero done These rciealed an absence of the right pnlmonan nrters (Fig 3) 
Opacified blood was first seen to enter the right lung at the time that the aorta was visual 
ized but no largo branches to the right lung were noted (Fig 4) Because of the Imton 
of repeated respiratory infections with productive cough and occasional hcmoptvsis, pneu 
monectomy was recommended and performed on Sept 14, 19o3 At operation there vverc no 
V isceropnnctal adhesions present in spite of the history suggesting repeated and long 
standing pulmonnn infection The vnsccrnl pleura of the lung had a very unusual appear 
nnee in that it was a thickened laver, light gray in color, and showed numerous tinv 
bronchial vessels coursing over its surface There were three lobes to the right lung with 
a rather well defined interlobar fissure in the usual location There was considerable ovu 
donee of broncliinl collateral circulation in the region of the pulnionnrv ligament and over 
the lower portion of the hilum, but this wns considernbly less marked over the upper lobe 
whore a 4 mm systemic artery entered the lung at the upper border of the right upper lobe 
bronchus Tins arferv came from a systemic vessel high in the chest and descended along 
the trachea This vessel Imd a thicker wall than a pulmonary artery of comparable size 
^o vessel at all was found at the place where the pulmonary artery is normally located 
The entire lung was uniformly more firm than usual although no portion of it wns ntclec 
tntic The pulmonary veins were iiormnl in their location nnd course and, nlthough small, 
entered the pcncardium in the u“nnl location There wns no evidence of any anomalous 
pulmonary venous drainage There was no enlargement o'' the mciliastinnl lymph nodes 
The right lung was removed Postopemtive cour«c was unovciitful 

Alicroscoiuc examination of the excised lung revealed only slight dilatation of the 
smaller bronchi and very little ovidcnee of inflammation The striking finding wns the 
unifonn fibrosis of the lung with thickening of the intcrnlv color septa This thickening 
wns extreme'y uniform nnd not of a type usiinllv seen with an iiitlnmmntorv process 

''i\ months after operation the child was in good general condition but stated that 
lie was slightly more short of breath than lie lind been prior to operation It is too cnrlv 
to give a full evaluation of the result 

2 — 3 - \elr old woman did not complain of any respiratory or cardiocirculntnrv 

symptoms until siv. months previously Two years ago the first roentgenogram of the chest 
had been taken becausi the patient was a food handler Tins film showed the same find 
mgs ns those taken two years later During the past si\ months the patient conijilained 
of n tight feeling in the right side of Hie eli< st especially in the morning nnd had slight 
sho'tiioss of breath She Imd only a slight cough but recently had had sonn mucoid sputum 
Flivsienl examination rev enlcd diminished respiratory excursion of the right side of 
the chest The breath sounds were considerably loss prominent on the nghi side ns com 
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Mj, —Case 2 A Po-^tcnjunlerlor rotnitt*no^.rani ahowa t))C 0}xp}ncfnKnt of tin nieOIa^ 
tinum to\^ar(l the rlcht able <lJn)lnJ^ho<l aM^tlon of rlcht lunp nnO a )ari;c left pulmonan 
arttrv There arc fine Infiltration and denaltj at th^ light apex. This had been erroneous^ 
Interpreted a*^ a tuberculous process P J>nterfll \lc\v shows ilie anterior me^iinstinnl 
liemlation 
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I J J —( xfi _ \ni.l<K trlloeraiii t \ h ft [)iihMunar\ art< n \lmiu\i24tl ’^**!/* 

Is no «\ hi* nf*! of Jin\ brtnrh t«» lh< lung NoU tJ)» ;«b'<p-nc* of nn\ opacification In |li 

rleht hinj, fithl at this tjni* P Two «n*l n half jircon*lff Int* r tlip nortn Is opncffl*d nnd n 
thin n*tw(»rk of bronchial \*<‘'cl« W *)*lln*at<il on the right shh Not*' tbr opacification of ih 
lensltl < timl ha I ^fniulaf* <I p.jr< neb'ninl Inftltrathm clem*>nstmtlng that th‘’«c shadnus aer^ 
pro*luc-^l bN bi«»oAl l^ 
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The pulraonar\ arten i\as of normal caliber, mensuniig 2 5 cm in diameter at its 
origin and 1 7 cm in diameter beiond the dimple of the hganientum There ivas one 
branch to the left lung, but none to the right Microscopic examination of the left pul 
monarj artery and the abnormal right pulmonari artery failed to show am difference in 
their mural structures 



Fig 7—Case ‘i Note the grcatlj enlarged heart and the Increased lascular markings In the 

right lung 

HAPOPI ASTIC LLNG AAHTH AXOAIALOUS SASTEAIIC ARTERIF^ 

Vaniitg degiees of htpoplasia of a lung mat occur If the embrjologic 
aberiation is so e\tensne that a lung consists of less than the equivalent of a 
smgle lobe, it is unlikeh that a clinicalh significant amount of noimal respira 
torj tissue tnll be present In the maikedh Inpoplastic Iiing congenital hron 
chiectasis and bionehial cist loiniation nsiiallA constitute nios-t of the nialde 
A eloped lung Eten a nnilohar lung A\ith lelativeh iionnal pulmonarj tissue 
IS rare” In an incomplcteh detelopcd lung the pattern of the hionchial tree 
may larj jAidelv and the single lobe in a nnilohar lung maj haie a bronchial 
distribution Avluch does not correspond to that of anv normal lobe Therefore 
It maA be difficult to assess AAhat the noinial Aoliime of a specific hvpoplastic 
hing should be The findmg of omplnsema and maiked cardiac displacement to 
tlie iiiAohed side suggest that peihaps a small amount of piilmonaiA tissue has 
been oa ci distended 
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Fip 9 —Caije 4 Anglocardlogmni 4. Demonstrating a largo loft pulmonarj arten and 
a small branch to the right lung Tho main portion of tho right branch Is supcrlmpose<l on 
the left branch In this projection but some of the smaller branches can be seen going to the 
lo\\er portion of the right lung D Later film with aorta opacified demonstrates two branches 
Indicated bj arrows entering tho lower i)ortion of the right lung 



\ 10_Cn««t ■! \rtl^t‘* drawing, of oiwriitUr finding Note the two h\sleinlc nrt^rlr®: trn 

\<rslng the dlaphracm an I tnttrlng tho base of the mpoi)Instlc right lung 
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xliclitK tcUuf 1 maximum briath cavumiv but no exiilenre of ob^truauc breathin? ome 
l,^I..n.ntllalmn va- -oin nl re-t Mu.liec of thp t,a ixclianpe reiea’mi normal arterial 
UTS urn 'ituratum ami < irbon <hoxnlc teimion both at rc't ami after exerci'e 

In l)/Mmbor P'll the nplit lieimtliorix i a- cxplore.l There xva* no free pleura! 
-J,ar. .rr-vt oM r a bmUml area of the loeeer po-tenor ami lateral thoracic wall and a 
part of th, .liaphrapiintie surface IIotl there un^ a well defined pleural ■^pace without 
milt lon^ ind tin reflcrtion of the parietal p eura onto the lunp at the border of this space 
iiUJe-titl niiomalous ab-ence of the xmei ral pleura el-eivhcre hxeept for the pleural 
j.orV.t imntmmd the hmu %\n- diffu-elv adhennt to the che-t wall ami inedia-tinum b\ 
Till ruhr loaniatiie ti't-ue uhnh iv m tneer-ed be '•omi t^ni dl blood ec'-els in a plane 
parallel eeitb tbe -urfai. of the limp The puliiioii ire tmeue in pcneral appeared normal 
Tilt re writ no teit], net of eniiihe'-ema There eea* relatieele little anthracotic pigment 
Tilt ri V a ^e timie artere iiua^unnp abtiut (i luiu in tliametir perforating the dome 
lilt ilmphriicm 'bphtle po-tinor to the niitblle in an anteropo'tenor plane This arterv 
I lilt r< <1 the until r'^iirface of the lung and then courted along the lung tissue just beneath 
tie iirf in iml rontinmd to luec the thiekiii--v and anatomical characteri'tics of a 
'e tt Hue ratio r than a pidinonare artere V ‘'ceoml ■'evtemic artere was found further 
p' tt rmr ami 'nnnalmt noire meilia! clo'c to the eirtibral boiliC' It too came through 
llo tlinpliragin niea iiritl nlooit S into in liiaiucter and iheideil into a small and large 
branch In fort i nti ring the lung po tt riorl' m llu parnineilinstinnl portion (Fig 10 ) The 
fnrtlii r rnnr t of thm art< re in the lung eeim not ei--unli7Cil Both arteric" which perforated 
tit linphrauni hail i-lrong piiKatioii'- an 1 obe lom. --ei-tcmie arterial pressure V small 

I It (ill nodt eeas jin i nt nt the site of intranet of tnth artere into the lung substance 

fh ino artt rial brant lies tleseribttl aboet. eetn tlisscctcil out, ligated and dieided 

Thi JO tojiratiM eonr e nns uneeiiitful "since operation teeo and a half eears ago 
tt \ iticnt tot Ioa,.tt compWuis of ane shortness e,f breath au>l has continued to deeetop 

II in 1 die llaiii')„rapliic examination of the chest shmes no change from the preopcratiec 
a| I I at inci 


• \si 1 t "ii ei-ir old notnan hail tomplaiiieii of <i\'iinen on exertion for sceenteeii 
M ir \\ ht n tJ eiar o'1 sh, imil niigrttore joint pains nml fee er Fecn ns a child she 
I a '1 r aible hon of breath "she had ha I oicnsionnl blood spittmg during the past 
^ * "■'be in lilt fiirnt of pinkish inueiis \t one time <lie eens admitted to a 

IS I' 1 ital blit no tiibi rt iilos|s eeti' foiiml It eens knoeen tlint lier heart ev is iii 
1 b Ilf III r clu si 


till r 111 
l! Tl„bl 
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icfil cean lualmi) rtetabd a tliiii |>iit)rle iiitiirishi d eeomnn eeitbont cennosis 
f v! I rl I ( noeiil ttpiille on rtspirntimi but the hi irt eens to the right of the 
^ Y' ' “ t "'-h sestohi murmur at the buse of the heart and a softer sestolic 

I " ' ' ' 'b ' 'b clrorariliogrnm Inl not di iiionstrate thi finiling' of a true 

’'*s'-r (pine e xnniiiintinn of the t he shoeeed that the heart was 
. ' nulit if ilii 111 III,!, ,n,l th, r, n lit rninlinn of tin 'eft lung through 

.. ' 'mm 111, lung fo I<|» ee< ri rl, ir an 1 tin dinlihr igm iiioetd normnllv 

, , ' ' ' Y'i "'fd'riini, IT ni.Itilnsis of In right lung Broneliographic ex 
_ I * *[ 'child tr.. of a right iipp. r bi! i ee Incli ee as o\ i r i xpande 1 nml 

. , Y 1 ^'a 1 * e' bfi| lira.Ill 1 nt no I rom htnl tri e of tin nml lb or right Inner 
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■sMth a low rate of o'l^gon Tcmo\nl at rest which rose to almost a normal lei cl during 
evcrcisc The oxigen and carbon dioxide content of the arterial blood was normal during 
rest and exercise 

A thoracotomi reienled no free pleural space The right hemithorax contained a 
unilobar lung The heart occupied a considerable part of the lower and anterior portion of 
the right hemithorax As the lung was freed from the diaphragm, soiernl lessels were 
found penetrating the diaphragm close to the midline and entering the pulnionan tis'uc 
Two of these were sistemic arteries and one of these two arteries was ligated nnd diiidcd 
Both Mstemic arteries were not ligated and dixided because it wns not known at tlint time 
whether the lobe wns also supplied bi a piilmonarj arterj 

Case b—A 14 lear old boj had frequent upper respiratory infections and a persistent 
cough which gradunllj became productiie of one half cup of yellowish sputum dnili A1 
though Ins nctiyities were not seriouslj curtailed, he was moderately dispneic on exertion 
One month prior to admission he began to complain of weakness and fatigue He coughed 
up a teaspoonful of blood at this time and again two weeks later 

There was decreased expansion of the right chest with diminished breath sounds, 
ilullness, and numerous niles on that side A rough systolic murmur wns heard in the right 
second and third interspaces Roentgenogram showed a shift of the heart nnd medinstmiim 
to the right, clex ation of the right diaphragm, and intercostal narroxving on the right due 
to diminished yolumo of the right lung of long durntion Bronchogram shoivcd a well 
outlined bronchial tree of the right upper lobe, which wns oycroxpanded The right ninin 
stem bronchus ended in a blind sac 

At operation the right pleural cayitj xvas obliterntcd bj exceedingly den'o nnd 
yascular adhesions There were seyeral firm bands from the diaphragmatic pleura to the 
lower surface of the lung containing ycssels measuring 2 to 3 mm in diameter There were 
no normal pulmonarj arteries or \cins on this side A large yein left the single lobe, rnn 
parallel to the bronchus, and emptied into the superior y ena cay a The lij'poplnstic nght 
lung wns remoyed 

^Microscopic examination reycnled dififuso emphjscma with ah color rupture through 
out the lung parencln nia The pouch representing the iindox eloped main stem bronchus 
demonstrated all normal bronchinl elements 

Tyyo of the patients y\ho had a hypoplastic, uiiilobai iiKht lung mth a small 
piilnionaiy aiten and seicial systemic nitencs going to that ahnomial hing 
had lalhci siniilai findings (Oases 4 and 5 ) The oldei of the two had s\niptonis 
m adult life yyliich it is hoped the yonngei y\ill not deielop because the anomab 
was dagnosed and tieated at an eailiei stage It is my^ nnpiession that the 
systemic ycssels yyhich cnteicd the hypoplastic hut uninfected and \cntilatin 2 
lung icsulted in an aiignienled blood flow ivith high picssure to that lung H 
must be boinc in mind that the situation y\as (|Uite diffeicnt from that which 
IS cieatcd when i systemic ai-ten is suigicalh lonied to a pulnionan arten 
111 oidei to ineieasc the hlood floyy thiough the lungs in pulmonaiy stenosis b' 
the lattci situation the piessuie in the pulnionan aiten is not gioatly cleyated 
a short distance fiom the anastomosis unless sccondan changes in the small 
pulmonan ycssels hayc occiiiied ” In contiast, howeyei, aie the findings yflien 
an anomalous systemic iitcn yyith its thickei yy.ill conducts the blood into the 
pulmonan tissue At opcritioii it yyas stiikiiig to note the yyay the jnilsation 
of the small aitcn could be icadih felt out into the smallei blanches of the 
ycssel The iiiti lyasntlai jiussiue y\as undoubtedly much highci than ni s 
normal ptilmomn aiten I belieye it is icasonable to assume that the dyspnea 
yyliicli yyas the first and chief complaint ui these tyyo patients yyas due to local 
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pulmoran cnnorcmcnt and that the patients In-penentilatmn teas produced 
!)^ the sarriL nieclianisin The dnajtpeannce oi am comjdaint ot d^spne3 in the 
p-iicnt tvlio ind the ':\stemie aittncs to the hi-poplastic lung interrupted over 
I \o ifaT' ncro Mipports this contention 

The iwo 5 'atients \cath a unilohar rmht lung small ptdinonarv arterv and 
c\<t(jnic arti nc-c ansine: helow the diaphragm had manv unique features m 
eommoii The ruentgen appearance in liotli cases teas ten similar A sinking 
t iidiim t\ S'- the diirrie oi mediastinal di'^placement tthich teas so marked that 
di xtrupo^iti'm oi the hcail ttm present Moreotcr the right heart border teas 
tin tlcirlv outlined hut merged tvith other shado\vi> in the lower two-thirds of 
ihe rielit htnnthorix (hnr St The degree oi cariliac displacement and rotation 
■- iim< h enator and <lwsiinilar to tiiat seen alter surgical remntal of the right 
iiiiddii ind loner lohcv The small tolume of the anomalous lung minlit he a 
'otnlnintion of 1 1 1 hcimr onle one lohe (2t reduced tolume as a response to the 
■'h’lormd '-tvt.mie Mood ■-iipplt and t3> pleural factors In neither case did 
th* t 'icral and pinetal plcuri .qipear normallt detelopcd throughout that 
l.iimtlitinx The ippi araiice ‘'iniulated ohhtcratiun oi most oi the pleural sjiaee 
in Miic^Kdis hut iitinlh tlic luiiir tissue seemed to lie attaclicd to the chest 
n ill In IfHWf (onufitict ti'^ue There was a distinct pleural pocket between 
i'' hiM (u till hmr; ^^d the diaphraimi in one case hut this pleura seemed to he 
lilt r< h n tlo*'(d iniin i in >,t w all onto hinir at the maniins of this pocket and not 
'"iiiittiud as I pirutal pleura htuucr the heimthora\ Moreotcr the surface ol 
tie ii lu did not jirc'cnt th< usual <urlaco markiiics oi arrangement oi hronchial 
M "I!' Mhftlur the-xc attpical pleural tindiiics contnhuted to llic unique 
f'' iii_i 11 apj' iraiK* < lu onlv he eonjcctuud 
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rin 1 ms] tluw mill) 1)1 iiioiiialous s\>.t».inn artcit into a lung mat he 
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cIiRn<rcs and atheiobclciosis Jia\c been dcnions(iatcd in such anoni.iloiis \cs.sp|s 
e\en m \onnf; mdniduals Aneni\sni foiination and inptuie nia\ mein 
Hemoiihase into the lung inaA occm ’ - One of nu adult patients had a long 
histoiA of 1 -aising a pinkish fiotln sjuituni The 12-\eai-old giil nlio complained 
of dispnea on exertion uas relieicd ot that coniplaint b\ ligation and dnision 
of the tuo s^stenne aitenes uliieh siijiphed part of the blood flow to hei Inpo 
plastic lung I ha^e assumed that hei sensation of d\spnea was due to a localized 
aiea of piilmonan congestion 


sLnni \R\ 

The piilnionan ^aseuIal plexus at one stage of enibnologic de\elopnient 
lias impoitant doisal bianehes from the aorta which noiiiialh disaiipcar These 
^ascula^ communications with the aoita oi its blanches mas peisist when theie 
IS faulrt development of the pulnionniv arteiv 

Although most lecenth icported cases of anomalous svstemic aitenes to 
the lungs have been discoveied because of the associated piesence of bioncliio 
genic evsts, bionchieetasis oi seciiiestiation ot lung tissue, anomalous arteries 
from the aorta oi its branches mav entei giossh noimal piilmonan tissue 
Anomalies of the bronchial blanching and lobai development mav also he 
present 

The clinical featuies and the radiologic findings in cases of absence of the 
pulmonaiv arten to one lung aie piesentcd vnth illustiative examples 

Two cases with a hvpoplastic lung leceiving a considerable blood flow 
tliiough svstemie arteiies aie discussed The effect ot ligation of these svsteniic 
aitenes is icpoited 

The clinical and jilivsiologic questions which anomalous vasciilai comniiinica 
tioiis to the lungs piesent aic biieflv consideicd 
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Dl‘=Ct5?10V 

w R»H\ Tl^RTLl Iom-\iUo K'—I wonler if Dr ilaier ivoul.l con'nder the 

I 1 .'ill Ilf ihi- tiRp of k-cplainin" tin -o calW capillan pear cell ruecharn'm rvhicli 

i\a arp) .1 I for* thi^ V'^ocintion !>' late' and Graham in one of the meetings in the 
,-Th 1 "." that I' ranial i ollap'C of llie limp due to lack of imlmonarr circulation 

Dl ill\Kir_sT ItF \D I'hocnix \tiz—I woul 1 like to di'iU" a k.a=e'-imilar to the 
^r ntc-1 1\ Dr \Iaipr Till' a ^ far oil chili via' ojteraled on two tear' ago and 

; 1 I 1 i lit linition of xinimiiltk' >' di 1 lii' i I'l" Tin n were nli'Ctti i of the right 

\ il-i inn art* r\ npini'i' of tin npht ui'j'er and mnldle lolit" with h popla^ia of the 
ittl t In ir loll 'V'tiiaik artk TV 'vipplvinp the hvpopla'tic right 'ower lohe with ahnonnal 
vcnoi drainage into tiie inferior vena cava which produced a verv marled va'cular i^hnnt 
tl I r 1 \ la additirn there were retroe'ophapeal artine' nrolurinp marked dv «phacin 
rt I r' ill li 1 1 h I n a fie Imp proldem all litr life and wa' iinalde to ivwal’ow larpc holu^e' 
'f h 1 I r firn ftiil Thin wa' al'O a j'atent dnctii' artenO'U' on the left side 

Til f ijlia^raro m Imati d orea'iap which would had ont to hehkve there was 'omc 
1!' 1 a^ t to Inline Iv'jihapia There is a rathi r hizarre tvpe of hronchial distribution 
fiuinp til enri of thi uppi r and middle lohe hronihi The anpiocardioprani shows the 
1 r'l of tin rip'it [ ulmonarv mtirv and inotlnr vn w it a later stape 'how~ the ripht 
vittnr! thi lift nuneli fdlinp 

fo’loeirp ill ri i ov al of a npht livpnjla'tic lunp H"Ociatcd with the numerous 
I riiri-hiovn tiltir ano naln ' ineludinp an ah-ent jiulmonarv arterv retroesophageal artene' 
ml V'tkt ir rurnlation of the right lower lohe a patent ductu= arteriosus remained on 
** 't >'! \hoit frjr month' aftir the fir't opi ration vvath onlv the left lung remain 
It. til ] at' it d. rti ' was approached ihroi ph an rntiiaor ihoraiototnv dindcd and 
-t ri 1 Tl I < \n u arl k d impiov i iiieut in the patient aftir 'Urptrv 

‘i fnr r It h a i-krtnined thi' i' the lir't limi tin korriction of a patent ductus 
lilt.' o*nj'ii.t, 1 with onlv one lung pri'iiit 

111 I M It, on Ma'-1 hivi injnvi 1 Dr Mater s ixcellent paper He 

1 <■ iltil < 1 a 1 ' li al to our undtt'taudiug of the'i int> nsting pulmonan eirculnton 

ai al I 

j ^ * 1' r s'l r Dr I vnih iin’ 1 hovi ha 1 okca'ion to 'tudv two patient' 

^ I' Tl ‘ t t was n It veirkdd pirl who wa' 'Vmptomfrcc hut thi' ehesl 

d 0 ) [ er nil ha tinal 'h i low 'lulies on thi' patient 


1 II u)[er nil iia tinal 'li i low 'lulies on thi' patient 

‘ ' t I » ! I n V, 1, 

^ ^ ^ ^ ^ ' '1 1 V ' III III lilt Ti^hl pulmor trv irttrv with a normal and 

, ' 1 ' ' ^ 1 itiint V as 'tuilnd liv lironrho'piromt tne 

' ' Iv nrlia e >tl. if runtion 

, ^ ^ I tt tat m 7 pf r <•< at ftvv ^1 n md thi lett luui. took uj>per 

'jj ' *tl li I ^ till ri^ht hm_ tool u]i no ox gin as opj O'ed to 

( ,1 t V I to til right lung nnd room air to tin 

I Ii' , 1 ovv, I, V rot pand to sg j,r r, nt on the h ft B\ 

^ t ' *'l r V 1 m i'ki „ nn 1 hiehovv ofN,« 

, „ ■ I f r I / 1 mhiil rirnil'tton through tlu 

‘ ' I V " t"’" o iptit It til lift vintnrh as oppo' d to 

' ' * ' I t till ml tl I I ronihi kl I .i-r. lalion of tJn 
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arten to the nght lung and the bronchial arteries did not appear to bo enlarged The 
parenchima of the nght lung ivaa normal on microscopic examination, whereas that of 
the left lung shoned marked atheroscelerosis of the pulmonary \asculature, apparcntlv due 
to shunt Interestingh enough, this patient had clubbing of both feet and the left hand 
but not the nght hand 

The oxTgen uptake of the right lung was 16 per cent, as opposed to the first patient, 
uhere it was 7 per cent, suggesting that where the circulation of the left lung was im 
paired, and the oxygen uptake was impaired, the normal bronchial circulation of the right 
lung would take up 16 per cent of the oxygen 

DR DAITD H WATEEkLAN', Knoxnlle, Tenn—We ha\e had the opportuniti of 
seeing two of the latter tj'pe of cases that Dr Maier desenbed, of the rudimentarr lung 
and \ erj small pulmonary arterv Both cases wore found on routine x rar suncis, and 
both were completelr simptom free The first i\ ns an automobile mechanic doing hoavi 
work and the other was a teen age boi who was a member of his local basketball team 
The X rays of both these patients looked \ery much like those of the patient shown hv 
Dr Read, the pathologi being on the right side in each instance I would like to ask 

Dr Maier if this condition is not more commonly found affecting the right side rather 

than the left 

The amount of lung tissue present nns exceeding!! small In the first case a single 
lobe measuring 6 cm in length was encountered Pneumonectomy was performed In 
the second case there was a lower lobe, a mdimentarv middle lobe with seiero saccular 
bronchiectasis, and absence of the upper lobe In this case we resected the rudimentan 
middle lobe and ligated the sjstemic artery leading to the loner lobe, in line with Dr 
Maier’s suggestion Both patients haie continued to do well 

DR HERBERT C klAIER (Closing) —I wish to thank the discussers With regard 
to the question of shrinkage of the lung being related to changes in circulation, I behove 
this IS a \erj important and interesting correlation There is, as has been shown al'o 

by others who have ligated a pulmonarj arterj and left the lung in, a tendency for such 

a lung to reduce m volume I wondered whether some of the microscopic changes seen in 
tho lung which we removed might not have been due rather to the circulatory derangement 
than to superimposed infection 

These cases of absence of the pulmonary arterj are considcrabh more common on the 
right side than on the left This is true whether tho case is wutliout heart disease, or 
whether v ou are dealing vnth cases where it is in association with tho tetralogy of Fallot 
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Tf Is umiMi il to fiii'l ''U)>frior ca%al ol''^tniction that lends itself to surgical 
1 nli( I Tho ere It nnjorit' fit '^uch oase^ are the result of inopcrahle malig- 
ti 111 '\ and ffir this \ ra^ triatinent is our best recourse There is however, a 
‘-III til '^rttup ('! iiiduuluals m whom supenor vena caval obstruction is the result 
01 SOUK h( niL!i {ifiKcss As a ccneral lule in the latter group the svniptonis are 
not (liv,ilihinr or ]urtuulnh distressiii" but esccptions occur where the dis- 
ahilitv iinv he oousKlcnhlc and the discomfort intolerable as in the two in^ 
divi'hi ils n ported hen I'oi these j>atients re< oust met ion of the superior vena 
( tv I hv nnans of i ire*' vein is jvroposed 

In I'Ms (•„ riuHlt ind his issoci ites’ dvmonsti.ited in the e\penmental animal 
th' fr I'lhihiv 01 ,iinstoinosin" tin superior \cm taia to the auricular append- 
t'^t_ In PtM K!is-.eii Xiidrews and Curtis" described one patient suftenng 
irom sttjKiKtr vein envnl olistruction in whom a fiee vein graft was placed suc- 
<<'sni!!v hitwnn the n/v'jtn vein mid the riclit atrium in an eftoit to relieve 
olistni'!i\t sttuptoins othci than these two the literature contains onlv 
spindn iijxirn m ittmipts to relieve superior vena caval obstruction bv 
"I'lritivt till t'uro (uiier dceouipression ^ or Ivsis of constricting scars* •“ 

'si It'll r oi till Si iiniK lUf rs would li no iicen ol value in the two iiaticnts rcportoil 
h r. 


' ^ ' (M n II Nn i'>jfi)'», n 1" \I'tr nia imn Thri.i. vttri before Ins 

^ ^ 111 I t'l r N i\ '■1 \ rm Inmniint 1 1 *iOK rl tti s nel'l 'twyx'nor nteilia''ttuttl 

^ ' t '1 riO ] r. urt <.\mjitnm' (lie 1; ronlrtrv to our c«tobIisheit 

' , ' 'll ' 1 1 li n imn rjiliout in ictutl tuciiP'-i The immednto rcirorie to 

T ' *1 I » \ O 1 , I ' 

I , ^ , ' 1 - Jl, j.ro (in «v-tiij>tom« wvrt r lte\o.t for otiout one veor 

j, ' ^f'" > eonci-tinn of In'- lieo 1 ml riixh «o severe that In 


^ 1 
i-’l 


, ’ ’ ^ of < itj'.ntir lb i onipKin d of iitero lindai'lip 

, ^ ' * 11 I ' 11 T) «>m] tom- wore ontiriK disproportion ito to 

p ' '111 lt( .r on tint In h t 1 \ riiv tiltuv of hn ehe't Oiooel 

^ ^ ^ ^ '' ' '"I* lull or Tl pliMiral lindin^- tver, thoi:, of the 

' Tl I I (p nf tl, I nut tud arut'' mri dt‘iti'nd»Nl 
, ‘ ' ■ Ic a . I in nnl fullni - of the to V Tl. pr. imr, in 

^ f.f tl, \,nou« rolhtiril iv wijnvn m t)ji 

' X f r e /»., .f. i^. ^ . 


I f 


' ■ 1 1' a . I "O tm l fulIni i of the jii V Tl. pn 'v 
Tl <11.1 of tl, \,nmi« rollali nl i- ■•'lorn 
' I r " 11 ! di In t w 1. nj'.j 1 t r-t into th. nsht 
- " ' ‘ n ’ u II ,I V 1,0, - no 5 „ 

I'll , 

!' a ^ . i-mt fr 1 tl. S III o ,I U. irt In utut 


1 Tl 


1> t. 


'I \n 

’ 1 A 


- I itl f - 7*) 


rurj.- 






"J U' J U V 1 


•’>"1" .lu. 7. .Vm"; 


i i 


U -I I 
I V UUI. 

{il I » i 


J I 
1 


1 J 


\ 


i i 



Z au 



16G 


THE JOURXAL op THORACIC SURGERT 


antecubitil vem (Fig ^), then into the left (Fig -1), nud finallv into a superficial femoral 
Tern in order to outline the cardiac end of the "superior lena cava (Fig o) The lumen of 
the superior vena caia was complcteh obliterated at and above the lei el of the aivgos vein 
To provide snnptoniatiL relief bi iniproving the drainage from the supenor caval sv'tem it 
would be necessari to re establish continmtv betaeen a distal major vein and the nght atrium, 
either the auricular appendage or prefemblv the intnipcneardial portion of the superior vena 
cava The seventy of the patient’s svmptoms was judged su&cient to warrant operation, 
which was carried out on March 13, 1952 

The plan of operation is indicated in Fig 9 Through a median stemotonii incinon 
the superior mediastinum and base of the neck were exposed The superior vena lava and 
both innonuuate veins wen. ema'sed lu and obliterated bv den'>e "sear tissue There was no 



Fig 6—-Cose 1 1 enograni with TO per cent dioiimst injected Into a superficial vein to 

demon-stmte the Intraptrlcardlal iiortlon ot the superior icna cava bj reflux of the <be from 
the right atrium Mirlcular appendage cannot be IdentiflecI with certatnti 

I ladenee of residual tumor Ome through the “kin and "uibcutancou"- tis'-ucs there wn."- 
rimnrkabli little difticulti with itiioip- bheding Tin kei to the operative approach lav m 
the pericardial sat for within thi< sac tin ""trueturts win virtuallv normal (Fig C) and the 
mtrapencnrdml portion of the ""uporior vena eav v vva^ of generous length (-"ce venogram, 
Fig 51 A free vein graft in this ca>-e the superhual femoral vein taken from the 'amc 
patient and transferred almost imnndintelv to the ehest, was used to bridge the gap Iietwiea 
the right jugular vein and tin ri,,ht ntriuin (big 7 I and C) Dilute heparin solution wa' 
injeetcd into the lumtn of the vnn graft It was rc'isonod that anastomosis of one internal 
jugular vein to the atrium would larrv sutheient blood from the head and neck to reduce 
tin venous longest ion in the region of maximum svmptoms It was further nntieipated that 
this diversion of n si/ahle volume flow of blood would reduce the load on the alriadv estah 
Iished collateral circulation and in this wav rtduie congestion lu the entire superior vena caval 
drainage area ns well 
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Fig 10^—Case 2 A enogram three months postoperath e DIodrast injected into rlglit 
Internal Jugular \eln percutaneousU Films tahen at appro\lmntel> one half second intenni 
showing passage of d\e through graft and prompt clearing of opacitt Slight constriction 
etldent at le^eT of upper suture line 


CO^■CLI;SION 

So far as Ate aie atvaie, tliese two cases, plus the one sometihat siniilai case 
lepoited bA Klasseu et al, are the first patients m Ailiom a dnect attempt to 
leliCAG supeiior Aena eatal obstraction Ija fiee tern giaft has been cained out 
Credit foi manj of the details of the technical appioach must go to Ocibodc and 
his associates It is unlikeh that the proeeduie mil liaie mde application, hut 
111 the occasional case Ailieic the sAUiiptonis aic siiffitienth distiessing and 
disabling, and nheie a benign oi stationaiA liasis foi the obstruction can bo 
shoAvn, it appeals to be logical and justihable 

REFERI2\CES 

1 Gerbodc, t A et, J , and Bundle, F F Eipennicnta] Anastomoses of A^e^'cls to the 

Henrt Po'-ible Application to Supenor Aena Cn\al Obstruction, .Surgen 26 650 
506 10-in 

2 KJnssen, K P, Andrews, N C, and Curtis, G JI Diagnosis and Treatment of Superior 

Aena tan Obstruction, Arch Surg 63 311 325, 1951 
■’ Ehrlich, AA , Ballon, II C, and Graham, E A Supenor A>nn Cava Obstruction AAitli n 
Consideration of Possible Relief of Stmptoms bA Aledinstinnl Decompression, 1 
Tiiomvnc Stre 3 '■52 304, 1934 

4 GrnA II K and Shinner I C Constricfire Occlusion of the Superior Atna Cain ''iirg 

Gt-nec &. Obst 72 923 929 1941 

5 Tubbs O *5 Superior Aena Cinnl Obstruction Due to Chronic Afedinstimti«, ThornA 1 

247 256, 1940 

DISCI ‘JStON 

DR P Vbl C S\AISnO\ O iKl Hid 1 ilif-—I think Dr S, inntll sltouid la* c ongritliil ilcsl 
on these two cases nnd on carrMUg c \permient il work into tlct tlinical field Such cases rcprc 
sent a 'mall but growing numlier of patients in whom significant clinical mediastinal luiiphad 
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THE JOURXAL OF THORACIC SURGERY 


Tie Imre nerc an e^araple of n patent lem graft at twelve da'v'? Bv six montlis all tlir 
(, 1 'afts “liowed Tamng degrees of selcrosis At tlie time the dogs were snenficed none showed 
what we would describe ns good grafts 

During the period of initial success three patients with superior lena email s\aidrome 
secondan to chronic fibrosing niediastinitis were operated upon The first patient died po«t 
operativeh following a transplant taken from another individual d\ang in an accident, which 
was anatoDiosed between the innominate veins above and the auricular appendage below The 
second patient had a preoperative venous pressure of 45 cm of saline An anastomosis wn* 
made between the azygos vein and the auricular appendage Postoperative]! the pressun 
dropped to 15 cm of saline There was gradual return of the venous pressure to the pre 
operative level The patient died four months postopemtivelv The anastomosis had sclerosed 
The third patient, wnth a similar condition, had a superficial femoral vein transplanted be 
tween the innominate veins at tlieir junction and the auricular appendage That patient i' 
alive todav, about five rears later, but there is evidence that the graft is not functioning 
From our eiperieneo we would state that the homologous or autogenous transplantation of runs 
in the treatment of supenor vena email svndrome sccondarv to chronic fibrosing medm»tmitis 
IS not successful 

DH ROLLINS HANLON, St Louis, Mo—I would agree in general with the enterm of 
Dr Scnnuell and his associates that this procedure should be emploied in benign conditions in 
wluch the patient's symptoms are seiere But I would like to suggest that there are circum 
stances in which, with a maligpiant obstruction, even an irremovable malignnnci, the symptoms 
inai be so severe that it might be considered expedient to cnrrj out a pallmtive shunt Tlmt 
was the circumstance in a Go iear old man whom we saw four vear® ago, who presented the 
picture described bj Dr Scanncll of sucli severe vena caval obstmction that he was unable to 
remain in am position except bolt upright, the slightest tcndenei toward recumbonev produced 
alarming signs and symptoms For that reason, with a working diagnosis of malignancy, we 
explored him through a combined sternotomy and intercostal incision The diagnosis of nnhg 
nnnev was confirmed, tlie condition was an irremovable malignancy with infiltration of the 
entire dorsal surface of the vena cava from its origin down to and including the intmporicnrdinl 
portion For that reason it was not possible to circuniscrilx: the superior vena caia at anv 
point so ns to excise the involved area and replace it bi a graft between its cut ends TVe 
therefore placed an aortic graft mth its caudal portion anastomosed to the tip of the right 
auricular appendage and its cephalic end placed tnngcntinlli into the ventral surface of the 
superior vena cava 

End to end anastomosis of the graft to the right nunculnr appendage was done and a 
button of the ventral wall of the cm a was excised distal to a curved Potts multitootlied clamp, 
applied tnngentialli The graft was preserved according to the original technique of Gross 
Bill, and Peirce and was kmdh furnished bv Dr Peirce 

The graft earned blood around the obstructed area As soon as the clamps were re 
moled there was a striking decrease in venous tension m the upper part of the bodi 

The anpogram confirms the patenci of flic graft, one mm see contrast substance flo"' 
lag through if and appearing pronipfli in the pulmonary nrlen 

The patient wn® prompfli relicicd hi« lenous pressure fell from a jirioperatiic level of 
20 mm of saline to ISO a few hours after operation nnd to 100 some dms later He I'xcG 
for about four months and, despite x rni therapy, the graft remained patent ns judged h' “ 
persistent murmur 

DR K TKL P KI Vs,‘^EX Columbus, Ohio—\Tc agree with Dr Scanncll tlmt nio“t of 
these c ise® of benign constricting tipc of occlusion of the superior vena eyivn, whether produced 
In tuberculosis or fungus infection do not require treatment However, we did have two pa 
tient® who did require treatment boeau'o of the soicriti of their si-mptom® The first one wn= 
mentioned hv Dr “Scanncll This patient is still in good health, his pressure, howcicr, ha* not 
returned to normal TTc believe the graft to be patent although we have not proved this hi 
xenography It was proicd patent when this patient was reported in 1051 



( \\Nm \M> "HWN UFCON-Tn CTION or --tPFRIOK \TVV 


Tl,r .. r ,4 vt.ont 1> >.l .vniptoni, pro.W bv l bon.OT .on5tnctms Ic.ian of the 

. ,nrnnr v n . rivT The <Awt™ Uoti ^^t^nlb A o%. t n of -vW 10 cm ind t vein 

^oilJ nM It For tbi- Ti-iMm vn oWtcl to n'c o vrc=orvcd lortic homosnft Thm 

, ,tu it., r-il.r tli. ^tn'l IV mc.lmtoT.tum of flow through thi^dimnel and nf-iH 

» tl.. V. I r arc in the uvj.er < vtrenutte.= lloneier one month later thi= graft clinieallv 
It am. thrnmho .tl Th. pUf nt i= Ml right two vear- later hi.; graft t' not functioning He 
1 a* .1. Llfiit.! n ore latentui coll iteral urcu! ition and i= able to carry on as a laborer 


im 1 \1 Pll \ DlTlIHtlNG 'Xiw 'Vorh X Y—\\» nbo antiupatul a neul for an 
.c ational rej.lacctncnt of th* tnperior a»,na cava an.l late in 1^41 Hr \ ance Lucae and T car 
re 1 out tfiin * xjt riniontt on *log* * aci.;ing ..egmenta of ;;nyiT\or viaa rav*\ an*l inil*lanting 
amtic hca o^jraft* ]>r*rani in a nutrient ohctrolvte '■oliition at 4° C \. 'cric~ of animals pre 
j ar .1 in thi^ ni inn* r aero foUoue*! lu angiograjiliv an<l in no instance was there a disappoint 
in^ r ult Atu rot .ipiralK there nas disappearance of the cellular elements of the graft there 
11 * \i 11* nt * pululuation and the suture line lnohe*\ t^iiito good In «omc inst laces after a 

I ii ^ ^t ri*sl th* r* was corrugation of the graft 

On. gnfl was nnintaine*! m a *log for seton months to demonstrate snch a change Then 
f< (ill* Mars 111 au uted a patient for uhom this might be suilnblo 4Vc explored n. number 
.if j at** ats iiitli rav'd obstruction who turnotl out to hni* * ircinoma of the thanius Hodgkins 
*b “1 or lurlic iniuri'ms finalU in Inimara la'ct we saw a "'0 vear old woman who had 
liCsn trialisl fur .ngion* tirofic clcnia for eight months witli moilcratelv si\erc svmptoms She 
t " 1 r* j r* iir* in her brachial \* ins of "00 mm of w itor V vtnogram showed complete ob 
ln;cti( n of th* su]m nor\* nn * isa in*l on lanii irv 14 we explorfsl her ven adeejuatch through 
1 njit (s tl nor in ision as sugg* stol hv one of the discussors 

N pri *rii 1 aortic homograft wa« u”* *1 to bridge a t> cm dcf*.ct iftir excision of an ob 
ru icl f^n c„i of i,n,i . im The obstruction resiilte*! from an ohl tul>creulous Ivmph node 
Tl graft Was ,n *; on o <sl to the intrapcricardial j'ortion of the vena cava adjacent to tbc 
lun 1 IS i,oi tl in Hus ana Y* * ontemplated nsirig th* tip of the appeniJage a® «nggestcd 
1\ (iirls-,! ar I his group hut th* mution was\* la acti\e and we feare*! that thrombosis might 
' tir Til r *ilt> sf) fnr aft* r file months Ki\i licen \ir\ satisfactorv Vnticoagnlanv drugs 
' * r tl't u I 1 


^ ^ ^ 1 bf UlKllll s; ^n h rancisco ( ilif s—J stmuhl like to congratul it* llr 

1 M c ' ‘ ^ h* nci of his pr. s. ntation and nbo upon liis abilita in finding two patients 

' '' olotruciinn be liai* «< it*hid for tlii'e patients rather dibgcntlv and 

f r 1 U it tl V T <\tt ,-,i\ s, ,tsO 


1 t! 


Is t i.u uught id c 10 i now whiit his h 11*11 


[, I [I .ipi'cncsl to sum* of the experimental work 

J J J , , '* "'Utionod Wo liaio now followeil soim of the animals 

' < s'(V " J'' hunts tor mot. thin five v. ars 1 c m guo vou the re'uHs 

, 1 , J, J jj ^ iforlhal [ rill 1 In n sup* nor * aval shunt the aujicrior v* na cava was 
, ,, , I .1 r a(,sii i ‘U 1 ipp* ars smooth an 1 after two and a half xcars dn 

r <! If Vila w is ditacli, .1 from the right ntnum and made 

1 ,, ' ^■'‘'"'0.1 th, Oiib .uhn*. of the sutur** lino Ifsu.hashunt 

' " bi„ tm It iij par* nth will SI ,1 upon fortiir 

’ ' " f . .. d ah. it , 
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THF lOtfWI ni THOPVtK -LfrFn^ 


fi ' tl I itiua o !- < fp-rjintilil*- lift "i jntrnt fonm’n ri%'ile mu t p'c« n tp:i - 

t! 1 ' -I (o ; p- Ip-i I Ir *■ p-iplf' of tl f Iif^rt Tlio durmuHr I>e- <’f>nTramnt!t- _-t 

i> I 1 I ir„ in r r in^ T psiilp to-il slinrit ftpi-ililt V>i it to “phut rT tl - <^vtp 

if -r tip’ hunt \ ' I' Tifploftpl lilt tlip lir-irt <li 1 not '-tin to tol'rate ihip^ too t~ell Tl i. '■hi” 
! ''or fp-triT h 0*1.11 1 _ro tin_ n'irnialli m'l illliou^Ii m r mrot ' i\ for Ccrtnin t’- t' 
■phnnt I furi' loni _ 1 oliniral <' ureo lia-It-en'’I'oll'nt 

I)I ( \\ IIULM S.\ Nt— h or} hv \ —I «lioul'l Ii}i to comme it ultpul i jati "t rr 
rl pui \ e Ii ' ‘■hurt pro-e lure u-in^ a jirc-^rve'! arlernl aortic frr-ift Tne tea. on fo* • 
j irtir;: tin i I>—oupa I tl ou^ht tli it a pre" ni-<l irtenal _rift fOuW )a ‘uj-arior o i i 
sra'^’t 

I thin} from tlir 'll"-np; ion of L>r fterliO'J'* inp} Dr I\} i« on it ‘'eeni' tint pn iWv o ip ^ 
_r I'^'t 1 ' ui" nor to the lorti' tnnft uliieli re D'"tl TIiip^ venotpra™ telD tin 'torv n' tl f 
ru ton of til' -up-'lor iroi car i m the P "ion of the n"Iit innominati n in Uezt l‘ ^ 
li <-t| of I'll it 1 0 ' •''oun'3 in III'’ antnopar'IiotTram, \t operation vc foun i a mniiitirr tvp -! 
of th n p-In tinitis ri’porf'v] bi Erganian anp} \\a'le The Itft innominate tra' Ir t m tl- 
p'O p I’ tlK oh'tmetion eitrn'lin^ to tin ri_ht innominate vnn Here is shotoi the amie ;m't 
in jpI I'e Tie pir'" are drfjpjed from the pirimpreratire level of lo'l mm of saline to \1"'_ 

tie lir'" of Dr G rlai'lc « an 1 Dr Kla.- n ' eomment' Ihf venou' pire -ure i- niJiv inern- 1 
t'l ih ut I'd! rm ifter a jfriorl of about sn months Thn sbo-'s the anfno'ariliormtr a' e- 
in rtun of tl • lortie ^T-ift Tlie pafunt i- compht'lv esvnjptomatic 

I»r f (rOPDON *'(' \NNrrr if'lo^ws/ —I Ivoull mereh Iilc to than} th <]i pai'se 
I 1 avi notl irc to a'iiJ 


PL LM 0\ARY BLASTO:\IYCOSl S 

V < ttiTK M \\VI o^ Mn)ic\i WD Slrgicvi Tufrapiks, With a 
Ru’ort of Si\ C\‘5F-s 

P^•.^ W Ml)» (m iNm\TiON) Pui T DeCamp, Major MC, AUS,*' 

\M> \IT0\ (Rh^XFR MD**» 

N'jaa Orleans La 

A theiapeutic ai)])ioach to pulmonaiA blastoniy- 

^ s now jiovsi )1(> \ safe eftcctut ilicmotlieiapeutic nocut is a\nilable 

■ II.. an.I riuj'ol.sh ' 

'''7i77i,s7nuu,77l'”I'] ‘PPisonal 

\p(nciu( with imlnionaM lesdtiou m this discnsi 
...s'V,.<'»>i...™i.s and ™cn™i 

.........I, s '""'■'111.? 

"" " 1.1 ‘ -I I.. In.,ro , L i"' awroMmateh 

1..I,-.,. ''‘'""lasUleHU.stem 

'\iibii(( tint tlu luno ii md tissue of the biuh < - There 

. riur, IS 1 7 't least in the sAstemic dis- 

''troatr In dino t.ill'7u\'ul'dirhuo' ^'i" theiapA theie 

'"'J ^'h'UunUil ( IMS luM oceurud nniccoguized 

IXCIDJNCJ 

.hu. bn^ froniXoith 
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'^iiutli' niioit tint tlic\ lia-\ r lCccIltl^ seen fioin n single simll (oniimmit\ iii 
(Tsttrn Xoith ( iioliiu 8 rises nf jmlnionan blastoiincosis tliioe being (.Inl 
dun Ining in the sinic block P.itween Pill and lOn 'White and Owin'" 
rcsntid 4 uiisnspectid lesions of jnilinomn bl istonncosis in the inin]Mri 
tn(l\ siiuill citi lliintington Wist Viigima (iioj) 80 000) 

'1 111 iiuidinif ol the diseasi to i huge degiic piiallels the inlenst iiid 
suspicion of the niidic.il jiiofessioii of a loc ilit' Snajipti and ArcVa\"' re 
jiorted 16 cases 1 cutaneous and 11 scsteniie seiii .it the John O.iston Hospital 
in Memphis o\ei a teii-aeai peiiod With incic.ised medic.d niteiest in the 
disease 7 .idditioiial eases a\eie seen in the subsiipunt fifteen months llucdies 
and eo woikei-s' lepoit an almost ionifold incieasc in the diagnosis of all pul 
monan fungus diseases ,it the Kcnneih Veteians Administiation Ifospital in 
Memjihis since 1940 when the staff beiame inteicsted in the pioblem 

criMcvi 11C Tim 

Pulmonarc blastomvcosis most commonh decelops as an indolent chionie 
infeetion causing scstemic sMiiiitoms of fc\ei malaise night sweats iinl 
weight loss as well ns thoraeie sMiiiitoms siiih ns cough s]nitum hemnl)t^s|s 
(hspnea <ind chest pain (Tabic I) The inilmoinn infection nun be ])roti m 


Tviiirl I’rrsf sTisr mitoms IS ii ( \siv o( I’tisio \m Hi_\st(im\i osis 
Tif_\tii> io III sk Ties 
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in Its III iiiifestations Cases of aeiitc and subHiite iincumoiiii liaie been ob 
sorced Ml ha\c obsiriid m iiiiti blastonniotK lung abscess in i 1-! 
\ ear old hoc There mai be assoiiatid lesions in the skin tlie siibeiitam 
tissiK s or the \ iseera 

I \Tiioioe,i 

'^eliw irr and P.aum made i i iiiliil pithohicn stmh of 20 i ases of iiul 
monan iiiMilKimiit from rimmniti iiid thi \imid lories Institute "i 
Pitholoirc Till \ (Inssitiid thi bsioiis into thin croups ill ''mil ( i'-' 
prisentid ]»rimnrih an f\udati\< pmnmoiiii vitiiout cm innioma foiniafion 
\l\iolar distinition was eonimon but iniioi disnss foimatioii w is rare 
Plastoni'(t ti s wilt lrei|n<nt iJi lour e isi s lonsjsleel ihiilh ni grm 
ulomatoiis b'ions with ipitlnlioid < i II tubirilis (iiint (ills win a proni 
inent n at nri Vi ast (ills w ii e b's fn ipii nt i ! i In 0 e isi s mi' i d e \nd iti'' 
and t,r uiiilomatoiis b sions w.ri i>n'ent \ jiburiti' w is loiiiid in all i a'*' 
m whiih jibiira w is ac iilabb tor f\iminition but tin ibsi in i of pbnral 
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Ihii.l B IS nni >\,lo Iln.lolMoncluil lesions chiefl% m the smaller bronchi iveie 
M<n 111 ill but one east A tenilnn% to seainnp Mas seen repeatedly and Mas 
mtirprcted ns eMdcme of he iling ( anities Mere not observed but focal 
iK.ri.sis oKurrtd in theientei ofliigi e\ndatneioci 

Martin and Smith^ report that the pathologic picture is quite lariable 
Th(\ dfstnbc diftiist or foinl consolidation Mhich inav simulate miliam 
tnhLHulosis or there m.u be laiger nodules or abscesses distributed through 
Ihe organ Thee state that cacities occur but that then raielv exceed 1 cm 
in si/c t ascntioii is described ficqiientla in small foci 

In MiM of the repelled pathologie obscications that large cacities do 
not OK nr it is interesting that in onr Case » T R T the presenting lesion 
V us a ( iMlc in the Uft ujipcr lobe Mhieh enlaigcd o\ei a tMOcear period 
anil at resection me isurcd 4 cm in diameter (’'ui Case 6 C McC , dec eloped 
eacit ition and eemiplcte destruction of the left loccer lobe although adcaiiced 
Inlitird ehsc ise ecus otherccise conlioiled be 2 hcdroxcstilbamidine therapy 
1 eld .ind ( adden'-’ ri]iort ni tc\o eases eacitns measnnng ) and 7 cm in di- 
inn ti r Murpbc' icscctod a right iippci lobe foi a 2 cm cacitarc lesion 
thouebt to be an ebseess Ik b is treated a second case medieallc for bilateral 
cicunrc disiase has tieated a case ccitb a destroced light upper 

!olu tcco luge cacitios in the apex etf the right loccci lobe and multiple 
1 tellies III tin upper and loccer leibes on the left (see Case L M ) Tissue de- 
stnntmn and e icitatmu o< oui less frequonth than in tuberculosis but cx- 
tuisui neerosis ind eacitation mac oeenr 

The <bs( as( ni ic incidce the chest ccall ebucllc or be metastasis but 
tin ri is littli teiideiKv lor cutaneous hstnla foimation so commoiilc seen in 
ur'iin,i|,n,„s(s tilncrah/eel spit id throngliout the liodc mac be expected at 
anc iiiiu Tin iiingi lii\( been seen repoatedlc m the bbcod ccsscls and this 
IS tin mutt 111 sjiread of tlic disease ■■ 


III crxoci- 

rin jirnlilnn ni inriutlc nbnliicing a lesion in the lung is the same in 
t(iiic(iisis IS in dilnr jitiliuonarc disc ise Vcc.ncness of the elistase is an 
I ssMili d pr< r<niiisiu im ^ (urrert eliagnosis The ehnical pntnre is not di 
iciKis.n I cifi c Inn <,!n is nw p„ssibihtc iinl lists iccrc test at bis 

Old lurr.et l'r..qnr.ticedngin.s,s,soflni ebfinnlt 
/. .. til.ji n irinipliv —1 li, r, Is i,„ < inn, t< list le intterii 1 cere tepe of 
' " I sjiri id )iilit,rtl ,lis, IS, to solit irc toin bsions has betn 

'•n 'sniM 111, dis, IS, ,s , crmiilonn it must b, ,,msi,kicd ccith ami dif 
V'" '”b, n ulnsis ,,icc„l,„i,i,„„\(.„s,s nnmiliasis lusttq.lnsmosis 

, i ' V ihonglit to b, mil unnuiton tcconeo 

, Iambs' !nc. nported sn,„ .onscciitic,' 

' s mil Lliiiv Jliji 1 liriiwTi IIIDPIS Dll, , 




1 Mil I Mill III 1(1 I Iiin Ml \Ml I’llisns M (\SIS lit 1*1 I MON \I \ ^^M\^TI)^1\ f IISIS Si II IMTI II Til 111 SI ( THIS \l llllitvn 
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TIIF JOIRNVI OJ TIIORVCIC slRG^h\ 


Ind an ondobionchnl mass We }la^c seen one ease i > inin endnljniii 
chial mass but mine of oui opctali\e cases liad significant endolironclinl 
lesions 

Sputtim —Snicai and cultuie of tin spuliini is tlie uk il \\n\ of nuikinp a 
positni diagnosis Lnstained pus jiaitides fioiii tlie spiituiii lupiifird In 
pot issiuni IndioMde, fiequentli leieal lapif.il organisms Diagnostic tcdi 
iiKiius arc neither difficult noi costh,-- but tlie oig.inisnis in i\ be difiifiilt to 
idcntifi 

A jKisitnc skin test is consideied signifitant wlieii jnesent and tlic coin 
plement fixation test in.n liceoinc positnc in extensne foinis of the disease’ ’ 
(•theis considci the skin test to be of little \ahic ” 


Toil r III Di u sosTK I isium s in o C\si s <n I>| i mds \i i in \stomm ( sn 
Ti.vTm in ItisK-Tios 
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■\Vc ha\e est iblishcd tlie diagnosis in a e ise of aeute lung absees.s In 
neeelh aspiration sneh i teehniejue is raieh iiidiiated Di ignostie thoracot 
om\ will eontinue to Ik neeessua in some eases of loeali/ed jinssibh lieo 
plastie dise ise‘ but it is to lie hoped that with iinreasing expeiieme the di 
ignosis maa be esi iblisheil nioie fieepienth without opeiatioii In the 20 
re polled eases of iiiilmoiiiia nseetioii t'l ibh II) the dngiinsis was estab 
lished jirioi to ojui ition in oiih -1 instinees \\ i made a preojieiatne diag 
iiosis in onI\ 1 of our t> eases (Table IIM 


MI me \i Tin \tmi xt 

( iiliiKinis Id istoiiiM osis Ills respombel reaelih to trealiiniit, winri is 
siNtemie lesions line not until leeeiitli lespemded regiiiirh to iin of a ho'' 
or igents ineludingthe modern intibinties M ii tin"'ami ^mitb' i e jioi t Ik m 
lit tioin aueim theril>' either done oi feillowed b\ lodieles At e ise I ami 
I imlis"' ire uiiiepn in iipoitmir i sm ill seins ot sesteiiiie i ise s sue e e'''-full' 
tri lie d b\ oril iml n rosoli/i el loelide theripa 

In IM4') LNein' eb ImiMsl I ate el the in \ltlo e ITe e tn e lie ss eif Jirop iniliiim 
UL uONt e e rl un lunci me Imlnig Ilht'.toinui t )h > 'stilb iini'Iiin d-1 

stllbe lie eile irboXl linielllie ) piineel to be 1 more ifTeelne ell mil'Iine iml I" 
I'i'.I s, II.,. nbae b iiiel his eolb iLins refioileel the siieies^iiil Ire ilnient .'I 
ease of s\steiiiie blasteeiin e osis with this agent \ number ol siibseepient r> 



\CRFE ET XL PCIMOVXPX BLASTOMYCOSIS 
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luM iii'lKitul that stilbamulinc is a xtn ^ftectiNC agent m controlling 

bSaM,.i,neiMs’' ’’ ’ '' Asxtt huMcxei no large senes has been reported 

•'nd (i'f loiiovi up periods haie been short 

sttllninnline is a rolatnch toxic agent'* Breabdoun products capable 
1)1 ihinauiiii: the h\or and kidnejs develop on exposure to ultia\iolct light 
Ml that It IS luipciatuc that solutions be freshh piepared-’ The agent is 
lontrnnilicattd m eases of lup.itic or renal elisease A number of snnptoms 
nnv anoinpanv nr shorth follow the administration of the drug iiitra- 
vtnfiu=lv hvpotensiou tacbvcardia di//iness salivation svneope incon- 
tinni't and the bkt A verv anuovinc: but rarelv serious compheation is 
th) appearam e several months after thoiapv ot a fifth cranial neuropathy 
immfi'-tfd i'v jiavesthesia hvpalgesia .iiuj antsllusia over the region sup- 
plod li\ the trnrcmmal nnve 

h'linllv effeotive aii.unst blastotuvi oms is 2 livelrowslilbamuline It is 
sfihU m ‘•(ilutwii ind is free oi lo\n iiaiturns '* Snapper and 
Mi\ i\' fn-st repoitid sUist.utorv rtspoiise tt> tluripv in 4 cases uith severe 
d|s is. 1 irua doses of tin diun wen 2 i\<n over long jieriods without the 
ip5>< rani' m ,inv toxn n u ttuu otlur than i liansient circulatorv collapse on 
("11 nrc'si(,n\ ith tin verv i iiml inuvtion oi the dvug 


\s nii'n vspirniut ueumulUes u is ippiunt th.il these dnigs aie truh 
iT(I (III icMits in III istoinvIosis but ihev will not in all instames control the 
disi e snuth has eumphtnl tre vtment witli stilbnmtdine or 2-hvdro\V' 

stilhujiidiin in Jo . isos and b ( ises an now under therapv or hive just conn 
I'hti.l tn linn Ilf His nsults Jitvt been s.itisfacloi v 'sealnirv” has treated 
12 ' (sr s (ii tij istomviDsis with llnse drnirs \o serious reietious oe 

vitli 2 !i\drawstiHiamnline ''iven < ists have betn treatid long 
to Jii ninsnhud wdl lontndUd severd as long is two viars Thrci 
ion iind. r tJii r ijiv md in domcrwdl In 1w o cases tre itini nt f nled and 
11 I j < r \ f mir I is. (.1 n s. (ti.iii <if i n siduaI deslrov e d Inin w is neccssarv 
* 1 ihtr. oniirnd in i ntah witii i thirtv ve ir instoiv nt disc re He died 


' O'o n fwi. vii, at< r ndnussiuii The sunniJ faihin n is ( ise I M who 
I d 1 il stn.n.J nuhl u(»p< r loin two I ireo f ivities m tin i(n \ of Hie nchi 
' lol" nd nnillii)). i uitnsjnjJn r iinllowei lobes of the U 11 luii" 
(oinirsion OMijrr. .1 nnd< r tn iliiKii) Imt sJio relipsid thru months 
I . U's,,, iiinn itn • ..] 2 ill drow stjJJ) inudirn and the oiomi^nis deiinm- 
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1^1 

or .lijsci'ss foiIllation Tlie dnigv aie stoiccl foi as long as ,i \oai in nuiiun>uv 
tissues III the aiul jt is possible tliat tiic tliciapeutic ifTcct is prolonged 

Loiijru Jollou uj) ixMods and inoie cxpcnente will he needid to (\aluatt 
tin (fli t In I ness of tieatnunt and to ektciimne tlie best tiiatinent nginuin 
E\p<iienee to date is sufinient to indunte flieii use in ,iin eiseei d oi serious 
(iitaneoiis loiiii ol tiu dise.isi I nfoilunate 1\ tlie dings ait exiieiisnt Stil 
liaiiiidine isttliioiiate® lias Iieon a^a^IabIc on ])itseiiiition loi some turn 
J Indiowstillianndine isetlnointe® is now lieing lelcased loi gtnerd use 

SLIIGICVI THFITMFNT 

Fnliiion.il \ bl istoiin tosis usnalh occnis as a diRnsc lesion not .mien ilili 
to suigieal tliei.i])\ but sonictunes the lesion is loc.ili/cd and txeisnmal tlier 
.ijn li.is .ipja lied lational Wc June been able to eolleet 20 lejioited ( ists 
of iniliiionan leseelion foi bl.istonncosis (T.ible II) I’wo of Sniilli s' e.ists 
I T and V I) .nc cxelnelcd from the icpoiteel seiics ns t!n\ me me hided in 
mil inrsoiinl senes 'J'lie bulk oi the suigieni exjieiienee with inilnioinn 
lilastonn(osis nntedates etTeetne eheiiiolhoin|)\ In the iinioiili of eases no 
effeetne luiigislntie .igenl was in.nhihle eeeii .eftei oiie i ition 

No folleiw up IS in iil ihle in 2 e.ises niiel i pitients dieel in the nnnieelintc 
posteipei line iieiioel 1 oui e.ises died of elisse ininntion ol the disease from 
SIX elm s to t w ei \ (.11 s alte I i esce tioii I'n e jiatients dc\ e lojied signs of ae ti\ e 
disease folleiwing snigeie but lesjieiinle'el to ineelieal trentnient anel the elise.ase 
was iiiesteel This tienimeiil ineindeel hum.in seinni lilastonn e in loilnlrs, 
niidee 1 leniK leid stilb.iiineline anel 2 Inelioxi slilb.iiiiieline In 7 eases the 
elisease* w.is !p()iienth eonfiolhd in pnlinenian le-seetion alone iltlienigli 
Id istonn e III was use el m enie ease 'Mm pin'* lepoils i postoiiei line reeiir 
tenee following letbee leinn whieli his not itspeinded to iigoions troilindit 
iMtIi loelieli s niideeileme le iil ind stilhiiiiiiilnie 

()ni exiiiiieiiie with pnlinoiian leseilioii in 0 e.ises of hi isloiin eosis n 
In le fl\ out lined 

e \si 1 — I ^ It a*' \ ( ir .till tvinl* linti... i\ if. fr.iiM I.niM.*‘^tt tint itdiiiieiod \iie I" 

I‘‘I7 mill |iaiii in tin life nnit nor rlit I fill-in Hiakiit" n diiih fi e or of 102' I mil 

nil II iioiind «. it,lil In '• diirinj, tin pri i loii^ i ii,lit leii)..- No i on;,li or Inniopte i lisd 
Ol rnrri d On i xiiniiniilion Inn r di-■ mid di. r< ii id Un illi .-Dnnd iiiri noli d in tin I’f' 
up, ^ \ i!nra)iiiltir pin uiunt li iriix lin.I liiii iiidtii i d tun iiiiki prior f‘i iidnii mn 

IilioritoO 'tinli.' 'iiri nut n niart.nldi' SpiKnm v,,,, nn.l nilluri- mri n jn lO 
nit.''m' lor Inin n 1. Inn illi nnd pallio^inn fiiii;,i \ rinntf,.n film ixliilol' I n 1'' ” ‘ 
ui III oil' ill n-m in lln inidiiil portion of tin lift ipi \ riii i rliiin),i' Imd liin nl nt 
in n film lal n iv ninnlli in fori I iifortiinnti l> tin filmx im n In I Ilroiirfin ' | m 
I xiniiiintniii nii' m^nti'i On ''i I I •< t“17 n lift pin iimotn |•tl>nl^ uii* jv. rform d ("<’ 
ii li'ion ill III! lift o] I I r loi \ir\ firii l» ndln n nl to tin parn till pli urn Mliirli "r 
el I milt to In a 1 in iiioma Nniiinni- ort. on ni' n i midiiu I I" <1/rrriiilili/h ’ f 

,| rvi 1 on Ii' II 1 \iiniin itioi Or^ani m uir I iti r i nitiiri d fr on a i In I "nil 1 ’ 

T| 'III! ti an I II iipl nine i a itn ri t t inn n _ itiii Imli 1 Ifi r ij i ' i ' 

1 ,v ^ 1 , , { Uoi'ii^ op iiio I a III- I ilii !• on i| iroiin^ tin I fl inn h fd 

' 11 ri! I ii- r I 1 Old ll • ar i rndiali i < illi ' o i , m i il , \ ii ' ' 

I ai 1 'I in 11 I'd all ar. I 11 i follon ii„nar Iifn. Iilini 'ir 'f 

Ti W illi Illi ' M 'r 1 I I o III iti 1 in ‘ 
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fr- irli’rio^tal iicuraljTin \ -econd cO't».ctoni-\ was. performod elsewhere On Tune 

. !''•<1 n’lil undHrgoin^ a pn-tonnr rlii 70 toin\ for per«i'tent pain -he de\eIoped cardiac 

r' il dif ] 

< - Mf—''iir^Kal till rijn taili d in tlii' ca'i Im ui^of '\'teniic 'prtarl of the di' 

' r'l ' I riirri d cnin urri. nth iMth opiration 

' • I J—t li 1 I ^ \c-ir old white liU'inc—mm from M ih uu i wa- idmitteil June 
! 1 I I ]lainin^ of erm^h hcniopti'i- afternoon teinper-ituri of luJ' F ca-i fati"ue 

' a ] 1 nd I'li^ht In ' I’ln-ual taamiuation riitaled rde^ and dullne-' po'tcriorh 
1 ' I ti r dh II. til richt lower che-t TIu ‘-idiuii ntation rate wa' eleiated The lieino 
cm II not nil irl ildc ''putuni txaniination« wire repiatidh nepatiie for all patho 
. I l-r_i I <1 ati,i iio;iraph\ revealed a shadow in the dor'al 'client of the right lower 

’ ’ __I tii _ an ah'Ci-^ an'Ociated with tumor (hi_ 1 (i h roncho'copv wa' nega 

till ''1 III ti t ind complinunt fixation ^tudic' were negative po-toperativ elv On Tune 
-I I'M'' a ncht pni imioni ctomv vva- performed fora '-ii'peetcd carcinoma ''nitar ti^'iie 
' ti'i am’ r iltiiri ' all de non-trated hin tfiiiu r ilmintitnh^ Oeca'-ional henioplv'ti! 




Till- lOLKNM.oi Tiion\cir '-I 

Ilroiirlid'- ii(n w !■< On tlii'; i(lnii'=':ion, ‘•urf,tr\ i*- pirfornnj for in iinrclati 1 

ronililion ^Iii iins roinlniilIi il on Inn 22, f'MS, tOJn|))innui„ of Iilnml--tri ;il>i il vjiniu,,, 
frinf 111 ino]itx ■•IS of o oiinti' of lilooil on two oiin>-ion- MX niiki npiirl T In ri lu n im 


mf** 




._^ J 1 T ' I H r tc XX nil Jiir IM‘ / ro- ntc* ii »kr irn JuntMf> • 

t t nlc n » r irn * m ntl f II vvlni. I fl ii; |- r I In t »fn> 

I r !ir » « n nut ninr^TliN I nt*,* no^nji! ' rrv* *1* 

\ ilnr r’w \ IT t!*- I ft 11 1 C ' r I r ♦ tl» ^i/r «tf tij rnxit' cr r It' » I 

11 , ^ t ' If J‘ ir I r [ It* J -f jltH 1 •‘t’nli* uI • r ^ for H * 
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n'coMc On Au^ 2, ID-IS, i left uj>pcr ]obcctom\ Ira's performed The upper lobe •svas 
den*el\ ndlierent to the parietal jileuri and it contained a 1 5 bi 2 0 cm ca\itv “^mear 
I Tie «e.tioii«, ind I ulture rtienhd 7>lo'/onn/c<' <hrmatilidi<i Iodides uerc pven cm 
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fornnit —Till' la n nio't ron^rittililc fnfilitj due to ^Il un'U'pectoJ plipoi.liromoc'tonn 
( fi —( Mrt n -tl \ oar old Ntgro laborer from I oui'iain wa' admitted to the 
itant\ lln pilal on Maroli 2a lOT* witb i lii'tora of oii'ot of (oiigli and liigli fe\er ten 
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TUI jolrwIj or tiiorvcic suhoiia 


indurntcil iilcor of the loft check ajipeartd and pcrsi>.tcd Biopx^ of the tiUir ri\in!ul 
/ /(jttnmwrfT iJcrmatiluhs on ti“'Uo section and on culture The patient was nlnin«t totnih 
lilind from cntnrnrt» On pln«icnl exnminntion n T cm shnlloiv ulcer «ns pro ont on tin 
left check Moixt riles ■nert. present o\er holli lunc Jiclds Jtoutine Inhorntorv sluilni 
were normal Juitiitpenographi rc\(.nled hilnternl infiltration iinohinp prineipnlh tin 
upjier half of the lunp fields, pnteln 1ml lirm in npiicaranct (kip "> I) 1 la, apieis iiin 
not iniohtd Tin sputum uns npeitedh jiositiic on snunr nnd culture for hlastonn ci |i s 

Midiinl trintnient ivns dincted In Or Tolin ^ialmr\ On April 11 la ins 

'tnrtid on J")ll nip of 2 hMlro'c\ stillminidiiio intra%enoush dnih for three (ln\s and tin n 
i\er\ other dn\ until Mn\ S, I’T)'’ (kip k, J>) \ total of k 75 &m was pi\in TIa ulci r 

of the cheek healed rapidU Pneuiiiopcritoncuiii was comminetd in nn ctTort to lolinpt 
(n\iti(s III the riphi mid lunp nnd tin left loner lohe V “i eoiid cour'i of "75 (tin of tin 
drop Has comnienied on Mai Jd, lO^T uitli 15 dosis of 250 nip pi\en intrn\i noiish iiin 
olla r dni (kip 5, ( ) H\ Viip 22 ] 05 T the ripht limp nnd the left iiiiinr loin hid rhnnd 
I onsi(]praldi hut the left loner lohc heenine jiropri ssn i h ntclectntic nnd plnno„raais 
demonstrated hour \ comhinp nnd one Inrpe arm of cavitation (1 ip 5 J>) \ seviri ImKiiip 

< oupli persisted 

The patient reetivid a third course of 2 liv droxv stilhaniidiia, 225 nip dnih foi si\iii 
ilava prior to operation nnd for live dnvs jiostoperntivilv On “sept 1^ 1051 a left loiiir 
lohectoniv was perfornud Itiiause of dense ndlitsioiis tin rispclioii nns teehnnnllv ven 
diflicult 1 la lohe was almost lomiditclv replnci d hv fihroiis tissue nnd coiitniiad oia 
Inrpe miiltiloeiilnted lavitv iiKasiirinp 5 hv d cm Ao ciilliiri nns made of the lunp ‘'iiai 
op( ration the patient has hot n frii of nil sMiiptoni« ri fi nihh to hlnstomv cosis and s|iuliun 
nilturcs hnv e la ( n rt (a it< dlv n* paint for hln«loniv ci It s (] ip 5, f ) 



In t < V - I I " IH In ml aft r I ft I V r I 1 h «I mn ant t 1 il if ^ 

: IijJrox> tllliinil line 

(,~r 't —Tin I mo 1 ,.< I • at el till' I n n ft 1 appmael t « t la i h al The ilinpr o'l 

-^i ,1 h I < ' ar I V ipiT' )• I's ilm tl ripv n n i Iniini li n 1 In spilo of i vier iie 1 i 

Hti n! ih a '[ i*oo r .vt r i i i ir 1 th inn,, of tie r ■ al„ n slmdi n ocriirn I 1 't 

„ III , 1 I 1 11 , )f r, 1 1 d Cl I 1 le ih tn c loi or 1 rav itatmn r f tla h ft Id cr 1 1 

j 1 t s f , M i tl ,I r M I 11 I 'I 1 r< It t > tin t ala I t of Ill ri ahml *' r I e 


\c^^^ }T AI nl \^0M\C031=i 16 

hi -jniiinn WC hi\i jicrfoniml 1 jvupumoncet.mnc' mil 4 lobctti.imc- for pulmonnr' 

1 ' .V , nr I Th( .lnutK>-(= rr'i' e-t il.h-liol prior to operntion in onU 1 cn-e In 1 rn'O'- 
l.rr rlo;,ni. . in inoiiia n i= Mi>pcrtr<l m 1 c-i'L- nn inflnmmatort Ic-ion -iml in 1 cn'-e 
. ] r , rnt ,n\itr of undctcrimno.l ctiolo^r n i- prc'. nt Tlircr p-itient* died one im 
r Inl.Iv folloninj, -ur^trr from n -iiM ancd taclir c irdm incident to n plieoehroniOL\loina 
' n I olid Ilirti \i ir- after rc'ettmii diirin, ni operation to reht\i ]nin incident to licr 
o n>nt di-tn-i fUe third patient appircnth frOe of Ida-toiii'co~i- dud of a in'O 
r 'nl infarction ^ix inoiitln after operation Three patient-- are ahre and irell '• months 
' 1 ontln and 0'' month' re'pecti\cl', after rc'cction This la-t patient mat ha\e had 

[ tfi[ of lu*^ the \oar afiet opontioii 


DISCtS'^lON 

It semis inescapable that the diagnosis of blastonivcosis is froQiienth 
missed liiith cUmealh ind at autopsa The organisms aic diffitult to letog- 
iu/< Id i Mill.lies and in tissues and the pathologic lesions aic not diagnostic 
WIiciMttr diagnostic susiiicion has increased tlu imideiice of the disease in 
tin lii( dll' h IS ansen It is (luite hkch that a numbei of sell limited un 
r<ift"ni7td I ISIS hase ocilined It is oiii e\)ifiunLD that e'en "hen the dis 
< tsi tssusp'ctcd di tgnosts IS somctiincs difhcult and "c h.i\e failed to leco'Ci 
org ititsms ott rope itcd e\ imvnation and cultiiie of sputum lu cases with icti'e 
disfas( 


1hi lust chemotiur.iixutu igeiit kno'tn is 2 Indios'stilhimidiue Itcenuse 
of Its t ffi (tnt mss lud freedom irom to\u it' Itwillusudh but not altta's 
< iitsi I rmnssmti of the pathologic lesions with closuie ol ca'ities ” It will 
tistnll' I aus( tlie sputum to roicrt to negatno and will alle'iate tlic iliiiical 
m inift stations of the disease 

I'll istoiu'iosis eontru' to mail' puhlishetl p ithologio studies ma' cause 
'\tmsn< (1(striKtioii of imlmonar' tissue "itli ihscess and ca\iti formation 
Jt Is to hi i\pi(ted as sf'<i d authors haic sugmsied -- ’’ ' that in some 
itist im < s stirun al tsnsion of residual ca'ities and dcstro'ed tissues will be 
imln ifdl lolldwiin; tlumotberap' kertaiid' such "as true in our Case fi 
1(1 I ' oidd tirobdd' lia'i been true of the ea'itan. lesion in onr f ase T Oni' 


furtln r I'pirutK/ ujJ| tmlnnfc Iiow fietiuenth planned surgic il excision 
ill h( till (Wile follow imi ehemotberaji' 

siiiiili Ins had no on isioii to rttomineml excision in Ins experience with 
ettirf isi ('ri pri s( uts otu indi( ition lor re s( I tion 111 12 ( asrs tt e lied 

lo 'Si ihiir\ In siiiiii ( IS s rt I (title under tn itmeiit it is too earl' to dtiidt 
'll' till r irsiiiiiiii 'll)) li( indu !((,] j„ Jus , is( 1 M Inni: destrmlmn was 
Cl I'll-,} (Jnt rc-mtion was oui uf jlu ((Ui stmn Hucht s'" ins tw 1 ) eases 


' "b ' c' ition followmc stdbuiudnie tlierijn wbnb he ii els sJumhl nj, 
I' ti'ith (ae< tin r> stdn li h s\oiis ri si e ti'1 


111 

I h .1 


\ r lb bsm 1(1' ((!i tlu ttianac'im nt of jwdmt'n ir' tidx n idosis uid 


' bhs'otii'i .IMS is ipjMniit I'oth r. j.n s( nt 
ir. (tn. < lu muilo r iji' )s imil ihb lo- h..tli 
• MiMiiij is )i.l|.!iil in flu r<ino al e.t d.str. 

’ ' t u (ti I tri 'nu a 


j»h \s( s ol I s\ st( mil 
In both <oitditions 
1 tissui tnd n sidu t! 


bb tbit till di ic'iiisis bi tn ub Jn n r tn ujirratinn it)i 
'b' ’ I' itn hi oh'iii. 1 tmt 11 r.iuii-dl wdl be 
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iiiikIi Slier Dngiiostu tlim.icotoine llla^ sliH lie iKtiisumalU idjuiuil ind 
■ I tlu (h.iirini'.is IS made onh ittci usectioii a iiostojm itnc t oui-m at Jin 
still) niiidiiK IS jtidit ittd 'J lie aniotitit of tliu" tiuit should hi usid di 
])(lids on tlu ihuactii ol the lisions jiiisi nt It iisieliou is impossihh di ur 
iiostie l)ioi)s\ IS \ ilii dill ,is it will enthli sjiudie ihiniothii ipe Kisiitinn 
111 1% he ])Ossil)le 1 iti I il II iiiiii i d 


l 0\( I I slONs 

] I’liliiioii II \ 1)1 istoiin eosis is not iineoninion in soiiii loeilitiis in Ninth 
Aiiiiiii.i All iiieieascel ineidciui of the disease eoiiiniiuih lollows ^ii itii 
(liniial siisimioii einipleel with \igoioiis diagnostic e'fiints 

2 Un tlic basis oi tliiei tesiis e\t)eiie'n(i J Indrowstilb iniidiiie ap 
piais to be .111 offeetue, iioiitoxu tlici.ij)! utie igent foi bl.istoiineosis 

! In sonic e.iscs ol |)uliiionai\ bl islonneosis lung leseetion is iniiiirid 
following eontiol of tlu iitni disi isi ))\ di.iniidine theiap^ Oni siii h < im' 
IS lepoited 

4 Puliiioiiiie lesietioii in biopse, in nnsusiiieted e isi s ol ]iuliiiiiii ii \ 
bl istoiin e usis IS h i/aidous and should bi j>ioni))ll\ follow id In iignioii'' 
di iiiiiditu tliii ip\ ]j\ei\ efloit should In mule to ist iblish the loiieit di 
iirnosis ind to ulnnnislii J Indi o\%still) iinidini )iiioi to oiniation 

'i On tlu b.isis of III itn(h shoit tiini obsi n ilions tlu jnognosis ot jnil 
iiionan blastoiineosis is escellint when tiiatid with J Indiowstilb miidiiu 
tollowid In suigual useetioii if luiissan 

III 11 n M i.'' 

1 ''iiiitli IlTiiil 1 IiiiiiuiiMilo„i< T'I’l ' of I lii.'liiiin ii Iti |ioi t on 1 orl \ ( n i .i \tiii 

Ini M. (1 31 ■til'’ 40" I"!" 

(iiiifiri't 1 < n^l'iir I'roto/oan Ih ruiKtili'' I ( ill'll! A to nilocirtritiri Di' 12 I'" 

Isoi Trniivni tion~ of tin Nmirnnii I" riimlolo^ii iil \ ocintioiil 

I ill liri'l 1 < n^inr ninl “'toki ~ \\ illiuiii Ko\nl \ ( loi of P i inio I iipii'- \ iil_ttri 

laiuiilln n Illmtoiinci ' I I \|n r Miil 3 "i |S isos 
I Mnrtlli Diimilil '' iiinl ^iiiilli, Dnul I Jtli|.i|oinM o^i« i \imriiiin IIIh^Ioiiim " i 
l.iUliri't 1 IM'i I'l I I \ I.ivow of tin I ili rnliiri \ni In v Tiilii ri 3" i 

HU I'll" 

' ‘^rlu'nr/ Ian anil Ilanni In ralil I III:i.-loniM o^i^ \in I ( Jm t*aili 21 "1"-' 
I'i'il 

" Ilraallnilt 1 onu II I’kolonn ro>u I liiiia 'I I 35 It loji 

■ liiwliiu t' I' Imorlln I. I < a-i ot Itln-tnnn 11 I n I ii ri int il i~ I’n i I >' 

vii, Mril (I> rniatolo^ii ''iitioni 19 4 I" lo_i, 

' I rii ilnian ninl ''U.noo Hi ( l‘'t"i 'liiol. I In “-larr Ifol i rt \ nml Kloi/ Man O '' u! 

\n 1 rn in lila-tonni o-i (l.il tin t “ Doi i 1 \ S|,|,l\ „f tin I), r u I roni a 

!i\i i of tin I il riiliin \rili lot Mi 1 88 1 I'Us 

o I onofT I 111 ti r 1 \(nti I’riniari I’lilnninari I la tounro l(a'lioIn^\ 51 I'”!'” 

I'l-ii 

10 l)nn>li\ In i li n mn of ['i r.I I r ii o I mil ln^i II VI ilnt ( ' 

l’!a.-lonnri. 1 I < nl in I'l mil •'v pli 29 '■'''I'U imi 

11 Pan I nt r Ini rn k I an I '•in | on Iliirii n I \ I i . of I Ito orm ro o In o)mi . 

til I r'l tut* am! s. n inal Viol* It rol 3 11" I"” 1"!" 

I. 11 \tino\ Iii_n 1 an ! Il in I I '■i I. n i I I i toi l \ . o i I I il. V 1 liii M 11*^ 
1.4 1 I I""l 

I” ■'ra[ I r I nt 1 Mi V i\ I in \ Ir 1 I i Tr ntn ■ nt if \ortli \t i rmnn I la t' " ' 

1 - W I ! _ I ' irow t|l r i lit \n I M. I 15 i i I"'i 

It '- 0-1 ri II ’ n II P r il o i nr i ti n I'".! (\i u llrl. an I i 

1' •- alt W I n '--It! Ila i! T I r i .1 i n innatiotj pi'll (P rlia S I 

U V 1 1 ( M I t' It 1 < lu I P i] r I r i t I ,1 11 i " i jl li i u tti •- i r.if il ' 

n r la.' at \I i Mart 'll I"' I 
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Koplin- lames [• T ami Murph' Kmo' !• Piilmonam Resection and Tndec'Ienic 
\eid in 'si St. mil I’lastoimco is T Tiiomti ic-si I r 23 4"" 415 l"'t2 
I'm-eUncr How ird \ \nderson Vuijii'tus E '^tr-up I^rcrencc 11 '^ealiurv Tolin II 

and I’l nliods 1 Uintlirop Ir Pulmomri Kesiction in tie Trcntment of Blnsto 
msriisi 1 Til.ir\ri( r 25 I"''47" 1"'> 

lion William O Tins Vntiliact. ri d nn.l liin"i'tatic ProjirtiC' of Propamidine 
1 Inf.n Ills 7G I'l- 1"7 T'4"> 

s-elio. nlneli I maiiin 1 I! Mill.r In ejOi M (.insl.ort. Milton, and I onp Pemn H 
tcmii BlastoniM O'l' Tmte.l With ''tillniinidim A Prelimimn Report I A 
M A 14G n7 ri's I''".! 

I litorml Itmmidim fin nip\ of PI istoni'. osis I \ M \ 164 IsS 1054 
1 an . r II irr\ l.\\ I .lu ird I* ami Raw son \rnold I rrcatnnnt of Blast onia cosm 
With s-tiilinmidim It. port of i ( as. I \ M \ 152 12'' r" lOT 
'-elnMiihnh 1 luaiun 1 P Mill, r los. pR M ami I'ini. Pi rrin H The Treatment of 

Blast.im\rosis With s-tiUminidin. Ann Int Mel 37 31 47 10"2 
■s. ah W < < otlui t P ami Memf.o 1 h Piilmonara Blastoniico i« The In 

thn m I of tin Itntmimdopie 1 inilint,s on th. •'ilcition of Patients for Oporatton, 
T Till.'\i II s-n I 27 2''s It"* P>3J 

< nmmin i It Bairstoa 1 nnd 1 il.r 1 \li A ''tilhanndtne in Treatment of D)« 
seniinati il Pin toniacosis It. port ofTwotasis Arili Int Mel 92 0^107 4053 
‘■nitli Dill I 7 Pi rsonni conimiitiic itioii P‘31 < Diirhnm \ r > 

Aral 11 and 'siiapp. r I The hillm tie of''tilhamnlim 1 pon Kidnov Punetion Lucr 
lomtnn ami P. ri|ih. ral Bl.m.l in Miiltipli MMloiiin Npurolopie "seoiielae of 
''tilhi nlim Th. raps \. w Aorh 1 Mid 47 IS 17 1^77 1047 
l.( tt . f ( I ineil . 11 1 linroaei aml(himistr\ s-t ilhamnlim Is.thionat. TAMA 
1V3 1771 117' 10 -.-' 

''I.il r I 1,1 „ I (.r.diiaa 1 ami s-rl,,,. i.i B D. itmunatinn of'stiUiamidine 
aril _lni!r \\ till imnhn. D. j . it> .1 in Par. m h\mntoiis Orpans nnd Tumors Can 
s r 4 U t. p.'.l ’ 
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(‘'lull ) Hi rill mil 'iiiiportn I (m iftir«liuli niKilhor ilmirliuitioii of tin ri„ll 
lunp «n' doni on Itin< Hi, H'ld \lioiit tlirii nti ki iiftir oiionition In ili \ i lopi il In nHil, 
tinil flier 1 nml ir ininctiin ■•IioimiI turlml lliini from ivlinli f immitir eouM In (ulliin-.l 
Ho un' tnn'firred to Mt ’'in it Ho-jiitnl Tin n In rtciuid Jl (tin of J Imlrox"tillnrn 
dim from Tuh 2'', H'").’ to Noi ">, HtlJ Tin ri un-- compliti di'npppnrnnei of monini.i nl 
Eipn' He piiined "'0 pound' tind Imd no rp'idinl niiirolo^ii di'nluliti Tin' iimii non 
drm ' n Inrgc tank truck intuei ii ntio« in nortliern Niu ork 

(‘•lide ) Tins nns n J' \inrold ulnti mnli who wu' stntioind nt nn Vir I on i Iih't 
in Anronn Hitwcon Augu't Hfin, nnd \u;,u't I0'i2, In lind fi\e 'pontnmou' imiiniio 
thorncps In lull 1"")J Im Inid n right sjioiitiiiuoii' jmi iimothornx Tin liinj, fnili d to 
ri I x(i iiid oil suttion nnd n niiti ii is si i n m the right ujijh r loin I’Pl) \n 1 uii' pn i 
tiie, coecidioidiii \o J wn' doiihtful In Oilolnr dilorticntion of the right lung nml ri 
section of the pO'tfnor sigmont of tin right uppi r loho iins done under the iinjin 'inn 
that this iins tuherfulo'i' I’O'toptrntmli thin iias n fi'tiiln ninl impiiinn In Hinnilnr 
he hnd a 'ocond dicortic ition and (.ulluri of tin 'pei iini u 'honed ( orm/ionfis iiiimitir 

(‘'Iidi ) The lung i olHp id ngoiiii Cm i idioidin 'Kni tis-t lind Ihioiui 'trongli |si i 
till compliiiunt lixntion nn' [lO'itiie nt 1 S(l \ nine rih thorni opln'ti iin' done to eon 
trol the im[>iima Hitmen Dieemhor, 10",j nnd August Hfi' lie riieiied ‘i (nn of 
J 111 droxi't illinmiilini iiith no npparint change Hitiiein \ugu'l and Oitolnr, In 

recciicd nnotlnr S' (nn Thru of 'ix gn'trn ciilltiri ' in Noiimher l‘m uiri po itm for 

C immitix In Diumliir In riieiiiil a neii drug J nmiuo'tillinmidini nnd 'inti thin ha 

hnd seiin roii'iiutiie ne^atiii eultiin ' 

\\ i fi 1 1 MI nn in a mil i ra in tri at mi nt of the deep nn t o'l ' 

HK I h I I \ \ in (iHh's III Miniphi' rum—''tillinmidini nnd hdi roxi stillmnu 
dun Im i 111 eii u'ld for hln'tomi eo'i' nt Kinnidi IlO'iutnl In Hr ‘'utlilT, Chiif of the 
Infectious Hi'ensi s ‘'iition In \pril of this nar, Hr ‘'iitlifT, Hr Kile, and Hr Hoh on 
riportid till ri'ult' of tin tri itiinnt of J'l • i'im of Idii'toinn o-i' in Minijilii' to tin \niiri 
can ( olle„i of I’lii'ieiaii' and Hr ''iilliIT kindli nlloiud nn to n i n ir tin pnjier nnd nnn 
of mi ri mark' an h I'l d on thi' pnpi r ''iiintiiii of tlii'een'i' mn nt Ki niii di, < ight 
iiin nt otliir ho'|iitnI' in Mi mphi' The niortniiti in thi'i ex'i s has Inin S I» r n nt 
ii itli a total mortnlit I oi Jo pi r 11 nt J ight pi r ei nt i' m i out rn't to Tj pi r rent in tin 
senes of ‘'liiitli nnd ii' orinti ' and “s per ci nt in tin 'i rn ' of Mnrtin mid i o iiorki rs 

Till prognosis nppinntli ho' In in gnntli iinproied I’l fore tin adient of tin aro 
iiiatic ill imidiin*' II i I'l * m ri tri itml I of tin i m n irri'ti I 1 hi 'iirgi ri - In pnl 

iiionnri n-iition and 1 In i \i I'lon of a 'kin h'ion Tin-i 'urgienl i ii I'lons gnii the 

onli inimidnti luri' in this ,„roup ''tiUmniidini nns ii'i d in tin triatmint of 7 d • 

oil! of tln-'i Ill' i jn rsi tint I iilmon in h^ion th it ippiriiitli 'Iniuld li rf'i'tid In I- 

eas, s Jhiilroxi lillinmidirn iia u < d wiih 7 am't'd luit J hnii pir'i'lint pulnionnri 
Ii-'inn III all '' r i i ' li ii jir i*|i nt { iiliiion iri Iis-iin' tliit iii third 'hoiild pnd illi 

he ri nini d \l tin (in at linn our inilinntion iioiild In to giii hidroxi Iilhaniidini t" 

tin kiioun la I of Idn tnni'ei i with a 'olitari puliinmari li'ion a' tin initial tri at 
Hint Til in I could linn In foilmiid In j lano^rani' nnd rulliiri 'o ihnt nn nctiic 
and'or I" r'l ti nt [ iilnionari I lo i mul 1 I • riiuoiid 

Tin ri nr nllnr n i nu' |o indn it* Ihnt ir„i ri might In ii fill Oni i the unj r 

dll tal lilt' "f till' ill I a II 111 it It li 1 1 tin cur afli r In ing nj pan nlli ciin d Tin otl r 

1 ' tl at in tin til II ca' ' ii I h I I ri I 1 • < n ii illm it il i u of tin i dnig tin ( atn nt 

I ail n I aim 1 "■ II 

HI (I Tillin'' tl C* I TT I I I r Minn - I 'll (I t 11 ri t rongli 1 1 at Ida t' 

[ ^ n J il 11 e I 1 I 1 I 1 In in I I tl J I 1 III m ind < ' Inn I" »' ■' ' 

( (} ,, t t! in''i II nr dl in it il ir in i am ri j ct It i“ linn to n ci .nir t!' 

f i-ill [ jl I ' iri 1 f 1 1 ’ ’ fi -1 1 ur ir 1 I -il '(1 nt m n I' fi ' 

CO r orli Ho i r i ' ar 1 er ( 1 at 1 lari tn i h a 1 a • 1 ei n ; r rt i I' e 
^1 r I d 1 " t to I in 1 tl 1 [ r nre i ' ih , Iinac. that liH '' i 'irc 
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1 TviJ \ 

• JJ J • 


a -.-.■vrr.M- r-iTH Tt- l.Jt 1 <Io thinl. wc InM to r,co-ni7c ttiat there i« n 
t ttiTil 1 ri1 mv for \ U-toms n-i- to lo-U iml tint un TiUi-ite 

o' !i t hrari <f ^tilhnrin'hno in tin trcitnont of hln'tonncn^i*; will require 


! tU Hr Kintil Hr t\t<1 H- MiHonil'l nml I revuurel ease- of Wasto 
ir' ti vl ii ii> H-n‘o, n nt t! Main rimi. In If th< K^ion wac {'nnianlv cutaneou« 

, - ,< V - •^ 1 '- Of 11 inf.-sicn- HI 'Vtr' tr attvl hi surporr and 

1 h' t It ■! 1. •■1 re ner rr. 1 iiiti tliou„li the inftetion ujiohed lun„ Itonc- neurologic 
11 at ^ ai aito naan '■I'-tim Iri oar exp* rii net the triatinent of hla'^tonivcosis imth 
' til im lin Ini- nni 1 n t mfonrli -'ueef^^ful (tur nircieal cxpi-rience with pulinonnrv 
1'a \r-I 1 - rf 'll I itint in iiliom jmlniornri n-'Ottum mi- < irrieil out Vll 

M nli\ f'l r nt till) nrt iri 11 oni (hi.lojml hla-lo n\eo-i- of the contralateral che<t 

vnll t pint to till p ilr naan r -i turn V- nn indication of the thronicit' of hlasto 

r \ 11 ar 1 III* did c Iti in knoMing when it i- aeluuUv healed one ca-e in our experience 
1 I' c!j , )1 ito 1 0 tlnrli ten i.-ar- prtiinu^ to jiulmonan rt-'Mion for pul 

Iran 11 a! a\ rn i 


H! Win ( "1 \M Hurl iiu \ t —Wi halt hid in exten-ue exporieucc with 

lla ! \ r » n’ H iV 1 lln ] nal It ne# ii that tin re are n gri at mani caic“ in the eastern 

! 'f ■ f ' ir it I Muuli 111' to 'll one Mord ahout tie dia_no'i- In our 1 i-t 12 canc¬ 
er la no I’oa t^i n 1> r lu i the di i_no-i- ha« hi i n made clinicalli Thci have been 

tn iti ’ e ith dr _ ar 1 haii nil ri quiri I oi>eration Tin la't thrct ca«i - haie been chil 

d rr i-d |\ ^ in_ trachi it i-piration- tin or^ ini-ni' litre di !i on-trated on 'mear" 

t' '’'’■111 riiM I 1 -oiu tmi- ot i on-i 1 nhl import nn i If it )« jHi'itive 

eitl a [ il rt iri him I tilin'- urn vIiouM h mori than i-u-tncniu- of hla'tomico«is and 

'' ^ ' I ' n d t 111 1 tudn Of cour-e u n i- ni^iiiit it doeii not rule out 

IS 1C I 


t n ! ir ,, it!u ivitti Ti i‘nil lit iiitli -tilhanudim r- ur» uri fri-qut nth 
*' ' IV ii onth- itt'r trcatmml and it doi - not occur until the patient 

' ’ rh.'( Wi Ii id oni pitnnt iiith h! i-tomico-i' of the trachea who do 
' r< )rr[i!'i ir n omii I iti r Tin > ] i r itinn iian done in thi winter and he wan 
"'I lot irlil nr n r in' th ii d i hq- 1 trit-i ninial in uropathi Oiir 

1 ' > 1 ti- in ir atiru ti. do iloiir. ux I ought 'ai tin- complication 

•“i' -’i troll ull.ai idim fr r in on< pati-nt ii ith i iti nm. coci nlioidomi co«ii 
' *' 'loir-ent of irvinural nenroiathi juH a' with stilbanu 

, ' ' > ' ' 1 < t r r j, rt , f of iom. m m ii S du to the f ict 

' ‘ ' ' ' 11 ] 'tit Itrai iidi t radiation 


H! 1 1 i H 

I r !' a J ' 

’ ' ’ ! 

Wr t ‘111 

t f *1 1 ^ I \ 1 t 

ir f » 1 I 


1 * to tl *in^ uur iJj n- inufii \\c ri^* 

' * ■^r lit j. \ 1 'i\» iir foTw ^Ttl -infl wo nro 

^ ^ 1 ■^T 1 Tm It ij.jM n I I tmi 

jr ('rTiiif ^ht^ro *. j di “*iruU 

I ‘t I I tl of 1 roti<; Jtorn 

^ ^ I t f \U f t will C li-i ilrnx\^iil)- 1 * 1 ^ 1 , 

• j t ur "it 



THORACOPLASTY 

A XfW OSTFOri \ST1C TFCII^I(JL^ 

ViKINfi Oio\ BioKK at 1) 

Stolmioim S\\Fn>\ 

'pXRlTAL IhoncopI lsf^ miIIi oxliafiisiial nj)ic()hsis atcortliii'r fo ''(nil>' 
1 lias piOMcl to lie 1 \<ilii,il)lc piocodiiic nhicli we will (oiitiinie to use in 
sclcetccl cases After i jiei-soinl exiiciieiice ol iiioie linn !00 first st il'o 
operations accoMlin<r to ‘^tnili a mw Icdinnpie li is fri nlnalh liecn <le\eIoiieil 
in order to mereonie the disadc ant ures inlieient in iih leseition with a]iieoI\ 
sis 

Tliesc disad\ant iires encountered ire 

1 In the inimedintf postoperalne jiiriod IIk* mist ilile chest will iftcr 
the nil resection will c(insiderihh altei the noinial jilnsioloi'c of resjiiri 
turn' 

A The patadoMc il nicncnicnits of the Inin: will iiiipiii the ahcolir 
^ entiintion 

H The mist ihic chest wall will iinjnii m cfieitne coiiirh mediaiiisiii 
incl iiiei ease the iiic idem e of ntc 1( 1 1 isis 
r \ccmmihtion of fluid in the apicolcns spue nii\ jirodnee i 
eonsidcrnhle compicssioii itdcctnsis ot tin Imif: In tin itcln 
tafn [iirt ol tiu Imi" tin Mood will piss iioineiililated ahcoli 
niid return nnsntnnted to the kit atrinni \ dec re ised arteriil 
ow'ren tension will result toi a jniiod ol scceial wieks* 

J Dm lilt: the first ccai liter the o)>erition there is some n expulsion 
ot the hint: which in iinin cases will icsnll in tin reopenint: of i ( ml' 

\tteiiipfs fo oceiconie these <lis leh int it,( s ha\e keen iinde alont: the 
lollow lilt: line s 

I The aineol'sis sjiice his keen lillul with [il istic material This hi'' 
then to he remoM d after siiine weeks it i seeond st lee or it is h ft in jilace 
The plastii plomh mi' howe'er he c cone inleelcd liter some months or 
'ears It then a krone hi il fistula is lonml extciisi'e rcseetion ot the clic'-t 
wall and lime tissue has to In 'loin 

II Holst has ilesenhccl se'eril impro\ e me nts * The rihs arc ili'ichd 
iiitcriorl' and jiostcriorl' and sutured down miih r i rih iisitall' tin fiiih 

1 r ti S ,1 I Tt l- -s II 1 I ItsI s rr a in ' l f < I’nf.- ' I ' P I f f - st e f nr 

It I It I I 1,\ nn In rh f \ W t nr n M Ii I r ' ' s i rM Hr ('nl I I > ri r In 

'I T I ti S' I' 

aa I* r> I ns l n nl 'r ' I n tf r <; r " h ■'H/'anl nrjTtlrn 'rain Tul*rrr i' 

I i\ ! f - I i’)' Tti - I I 1' m t 

ri 



nidRK 0<TIO!H'-Tn THHMqcr lOR T»OK\COfM=r\ i >0 

]«it in Iili'f 'ml stnpj'od trom the inriosteum The first nti vas left intact 
it)>] an fxlmjilennl npicohsis ^\as performed A fi\ation of the apical pleura 
'IS )^^rsoriiu <1 \ thin ithurn houf'ir is (onsnlercd a loutraimlicatiou ti> 

this jiriK (durt 

HI 1 \tnil 1'-'I il in rifills l).i\< hem juifornird hut in>t found uortli 
liil< Tin i)>(N of ih< luuc IS lonnd on approxnmtih the same Iciel uhethei 
ur rt fills InM Im n uuni or not 


Till erruor s TK iisuu F 

fii lu rid /'nnrijih v — 

\ in rooi 111 tin tlnir.w is <tlttnint<l Ii% rispition of jinstenor portions of 
tin rths in un ri isuu: hnirths iiom aho\e and doMiusirel The iihs arc then 
hi 111 ill tin instil lartilieis nnl fixed 1 e> the posternii end of the uppermost 
miait nil i)\ si mill ss stiol sntnris thrnuph drill holes An extrnjilcun? 
ijmnhsis tn tin lortn inh or the i 7 \t;ns \oin is jieifornied The first nh is 
ihe nh d hnth ant* norU nnl imsteriorK and fixed to the tianssersc process 
n’ tin fifth nr sixth nh The first nh will linn present the Innp from re- 
I'lpTinhtiL din\( tin ms dnnn Tints tlu ts o disatlsantatres ssitli niodein 
* hnr n n)ii ists h IS t 111 ( II ns t r( om< 


1 \ st dih (In st w ill h IS hei ii oht line d 

: Tin liunr IS pnsentid from rt expiiidini: those the nest roof 
In n tin tlmr n np! ists is ustd in i omhin itimi ssitli rcseetion the fiist 
nh nus 111 h ,t m plan Tht n tin stennd nh must he fixed as close to the 
on hisiinum >s pn sih)i \ repair of the mediastinal pleura to the fiivt inter 
n il rnu''h lomdlr is also meessars With this modifitatmn a stable ehest is 
' 'oil! 1 I Ml) will) I {],!„ pipiira „,iii T in ulicihle le expansion oi the 
Il iiu lint I- munil 


IhhtiUi.f II,, <urriu III I’roriiliin — 

/iniM'iii--\ }iar IS (III hi il nil ismn is madi ind euiituuied 
‘ ‘O' lit lost tin' tij> oi ilif SI Tpiila ]n a ease ssherc re 

‘I'll lud tin 1 II i,|,i-si I ispirtornud tin im ismn is e irrn d fnrstard doni: 

II h 1 I t hii'-iii- tn il,, sixth nh Thi ]) irat»riehrnl jiart of inejsioji 

^ ‘ trnm tin midliin Tin iiosti nor flap is unde r< lit is far 

' ' ' ' h' di'isinii n) tin tripi/nis mil tlu rhomhonl nmsihs 

tn --s; . mI , ,h. sjnin.ns prni < ss. s ' 

^ I ' ( s , ,,f s,„j„Pf, /'r. piirnfinn i,f /i. vr. (inn Ir,,,_ 

* j nnl tin srihiins pDstirior nndius and autirmr 

, ^ ^ j til first nn! siinnd nh in disnhd steli 

,, , ' " " t‘"'"*'niti. IS*.id itiipiimnnl u. tin nutrition 


T« 




/.d /ill '1 , 
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I'n p-st. tior I tills ,,t iisinlK tin njip, r 
n' •>.. s', lull 111, 11),;,,^ s \,i, ir, 

‘ '' tis. 1 tn. I h Mill n ijpl s's V ill |„ 

I ‘In '!-> oi ih, jr-ius . 

1" iJlt > o., thm 
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in? 


<M Ihc frst ni) IS pulled dov iiwnrd with tho Semb nb lorceps, when remaimug 
'’ti''('lunflu Ill snUiui'; medius und antieus arc cut with scissors (Fig 4) 
Tl. snbdpMcu nmu is eenth detathed from the first nb and the posterior 
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1 ic - I r of U 1 

‘r r r ; V n • t \\ t» 1 > 

^ i V. t’VJ 

'll ' «U r \j vr of 
I n ^ t\ K f\ \ \ . 


l-JC 3 

K r».<cctrH\ in order to ha\e Ujc re^ 


' fir'll anj f “Cond nb mu I 

nn nt tf \h ftr*sl rib 1« n lli rc uill l>o m np» rlurt, moiHal 

lunL Uor.r dlncrnnu UJun n^on of the flr«l rib 
nt Itii^ltnum < un»* r dinnrant) 




1 > ^ 


iin JIM i:n\ i ()i Tiioint i( KiiMn 


ispcd ol tli( ((istiK 1 1 \K Iil.ii (ilidinhoiil) liir.inK lit wliidi is <li\ul(.l \Mtli 
sfissois IliLfiist III) III i\ imu l)( jiiilli li iiiiiii (lownu 11(1 iiid mit u iii d u In n 
tlif niidiiil is|)( 1 1 III till (list foslil (iitili'^^i jiiiti I III! I\ In tin nitiind 
III IIIIIII 11 \ iil(i\ IS fiiiillv dissiiUd inoidiii;.' diiiii.i<;( In tins <iil(n mid tin 
])l(iii I Till fiisl (nstil ( II til lire IS ml is dnsi to tin stii iiiiiii is jinssilili 
.iiid tin ]n I idiniidi iiiiii is dnidul .iiilciinih \n\\ it is (.is\ In Iniid tin nlis 
dnuiiu.iid iiiid cnin liit .ijinnhsis down tn tin* innln iidi mi tin Idt sidi 
nr tn tin ,i/\ fins \mii nil tin iijjlit side )l tin pimi i is iiiinh oi truth n])(ind 
II tuln IS imiindi.itih iiisnlid mil iplmi.ilh fm ioiitiiiumis sintimi 



1 / 

I Is — I TIk' lioli « nrr iilnc< I rIo«r to (In' iipix r Ixinlc r of tlir rfo(i I ril)' (iinl do 
to tli< lou r lHinI< r of tlio sKtIi rib Tbl« will pri \ nl Up jnitun ' from rnitlnr tliroiisb llo 
rlb« I bor tlm llrst rib <i bob l« tirlllod tbrmisli llio lrnn'<\f’rro prooi nnil tin ri miiltiliis 
P irtion of 111 ' nrtb or rlxtb rib 

I tflli ^l(i) Ftjutiou —Sitiiill drill Indt s iiit* iiiinli in tin jinslprim • inK 
of tin <li\id(d iilis 'I’Inst indfs in (ilntd ns r Inst tn tin iifiin r linrtltr nf 
tin 111) IS ])()Ssild< ( ni M spoiidmtr Imli s in linn in nit in tin Inwtr Imiiltr 
of tlio sixth ril) (I nr I )• This will iirtiont Ihn sutures from tiiltirnr thrmisrli 
tin nils I nr tin sciniid rih .i Imh is diillt'l in tin sixth iih iiinlinl tn tin 
friiisMTst prntfss I tn tin /irst iil> i Jndi is diillol flnmitrli tin tinisttrsi 
prom ss and llir nnnninnr jiortioii nf the fifth or sixth ril) (I ip '> />• h' •!'' 
most postoi tor holes an ordni/irt ilrill hoit is iis. tl i sjmnn htniir pi n< tl iiisnl' 
tin ilnst toprcMiit injnn to tin Iudl' To ninkt tin olliorliolis 1 iis' in fspt 
1 1 ilh th si_>-ni d tlrill hnrt (stt: I iir hf iinniii n tiirnl lix Stillr Swiihii iiiikIiIimI 
I mill Hrwh ^lainlo's steel siiiiirts oi Os mm dimin It r iri thn nh d ihrmii-li 
the holes It these in tlifimilt to find a with htin inidh is [nssi d tlirmii-li tin 
hole and the steel thn ad inserted into the netdli I iin r stimhss slid sntiir ' 
•'ll'! wins ln\( heen foiiml to hri ik too i isih Tin nils an thru lo nt ni tin 



KUi'K iwTHu I \^TU Tn iiMyi 1 lo} TUOK\i oru\<r\ 1'' 

I 1 ilui' liu 'nuius in' tint m>l tin! when a st iMo mof ot tlu ilu^t 

I- -i!'. m.-{ He T A muioii oi tlu iiu<linMin.il tiKurv to tho first i 1> is 
th. II jt. rii.nm 1 t He >' 

V (H an n .1 luln is ihi >\s Utt iti tin ipuoKsis sjun nul mtcninttoiith 
..j<.'ll i t.i 'Iran nfi tin uiiiimililul lUiuI As tin n'oi nf the ilust is st iblo 
,li. '.uiiuiitMl llunl Mill lu't louiliuss tlu liine is in in onhn.iri tlioruo- 

l-l st\ 1 . 1 ' nisti nl tlu .in in tin it»unl\sis spin is turutl In the tlnul into 

t! > tisviuv ^n'l'linine i suin nt nu oHs » ni|>li\si ni i Tin tiilu is U it tu twmtx- 
..I'll toi.ntN <'lIu ! uuis nnh 
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'! i-r W T!u M.oii.l nl. is fixul is dost to the inediastmiim as possible bi a 
stiiiilis' sipi] suture through a drill hole iii the si\th nb medial to the tip of the 
tniiM iiisHC-s p.rfore tlie steel snitiircs arc tud a rou of interrupted catgut 
siit'm^ uill npprosunati tlu two lower iiiteriostil musdc bundles posttiioils 
into n < iislnon oi niusdis between the ribs and tlu lun!: (Fig 9) 

TIun a fiMtion oi tlu nuali.istinal jdeiira is niadt in the following maniiei 
\ picei oi phura ilose to the a7\gos \ein on the light side and the aorta on the 
l( !t sidi is (If\attd h\ i pur of forceps and ligattd One end of the thread 
usid tor lurition is thn ubd on a ntedk which is jiassed through the 

pinostniui oi tlu first iib and the first interiostal htindle and then tied to 

tlu ini iiul (Fur s) senes oi four to si\ sutviros of this tape will pro 
\<iil <\i> iiision oi tlu lung (Mil if the jdeiiri is thin luoMiled the stiond rib 

IS ( nt short ind jil u i d m r\ (lose to the inediastiniini 
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THh 70 tK\\I OF THOKVCIt MJIOFK\ 


1 no (h.im.ifrc tiilits ik itisc i t<d jiiti ipidn ilh mil oiit in tin iimnhsis 
spnip loi (ontiimims suction dniin'r foitc ciglit to sc\ciitc-tcM» lioiirs 

TII()IJ\COI I \s \ 1 IJOCI III ItF I I K s| 

/i\»i///s—Tin ni « tcjicot tlun.icojil.istc liiis liii n jicifoiimd .is a pmiidun 
pci sc or pieliimiian to a resection in 18 c.iscs In 14 eases .i fi\c iili tlioniiu 
plistc md III 4 ( iscs I si\-nli tlmr.iiopl ist\ ucii iieifotined Tin first rili 
w IS ,d\\,i\s dnidcd Iiotli anlcnorii .iinl postuioih .md left on tin Iiinc fisnl 
IS < losi to tlic nicdi.istmimi ns possilde 



I IS 1> Til rill til it "ir Inrill I li ii I” n lirmirlit I.i ..im.rs. .m tli |~-t ri ir |i irl n' 

tl t\l I rill 

Tlie iiiimcdi itc j)osto|)i ratui loni'-c li.is In i n sinooili in lil i.isis Thin 
Ins Iiitn iiifntion ot tin apnohsis span m oiii lasi Then tt is no i isi 
uitli itilntasis Till (osniitn iisiilt liis Ik i n tood md tlini in no Innit i 
tious m till monmnits ot tin si ipnh \s tin dnidnl iilis m fi\i d to tin 
piisti rioi put III tin iip)ii rnnist int ii t rili i roiindi d loot nt tin i In't n 
olit uin d md thin is im ]lllvsIlllllI^ oi tin s. ipni i s In me. tistiind In Imid a 
nil or jniniuni. o\ii i rih In iniin of this. i isis his tin liiiiL' isiundid 
ilioc . tin in \t h loi nn d rout 

/in/n iiti'iii — 1 Im tcji. ol t Imr n ojd ist \ is nhisi.l in i l'■■■s ttilh n n i^'iu 

ildi I h mi I 111 I un h' this ..hit. ihim II i onsidi i ddi disi is. n 

I,,, tli ,.! to till mtirmr s. Liinnt ot tin npjn i hdn this opirilmn is im 
in rioi nil d %\ ith 11 s. 1 1 loii 
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' ^ i ti \ < f ti r>lH tvr« fro 1 for fomi <11 tnnc* cn l!iclr Internal aspects siibpcrIostealI> 
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«lrjn I ( ’ - (I ) I*- i n* 1 ry f it r (r ) o fzn n of O’^iro’ x^rMrn i^of t'^r 

f t * ("i r *y r \ r r i t I 'r*^ *\ rr t t / <n 

nr ! tl *' 1 - \ f tl hint. I I U I -I n tl r I « r tM r - nl n fllnj tnV n Inini Hit I> 

X tt ' « r ill - 
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Till TOUINM OI TlK)It\(IC ''IIU 


iOb 


—I l)olit\(. I', muHi <oiKciitii( idiMtuiii ul tin (Iwi iMtl irn 
IS lueiif'd (in hi nlituiud In tin lu u jniupdiiic Tin iihs that Mtn 

p.irilld h<i\i Ik on hmiitrlit to (oinoi'ri on tin [Kpstinoi pint ni tlio si\tli nh 

(Tifr 10 ) It loiiiini iti\d% lonfrti podnnis ol iihs ! -I ind "> no losidid 
indtlnsf .IS woil is nh i .no lieo<I foi sonu distnui on then intiiiial ispnls 
suhpoiiostcalh, i oonsidoiahie concontne ictniotinn ot tlio disoisid iiroa ^ 

pdiinttid (I It: 11 ) Tin fiist nh should liononi ho hit in its pniosti :l 

h( d to pu \ i lit in( di.istiii.il I o ( \i>.insion o| iho Iiiiit 

Tins tlioi.uojiliisti IS n uoll toloi itod oik st.nfu luondiiio uitli pi nln.ilh 
no I)osslhIllt^ of ro o\p.\nsion ot llio iiiu\ (I’lj: 12) As Hit nhs .n< hit in 
tlioir ptriostf.il shr.atlis intiiioih .in (11 ntuiilh oxtindid nh usnlion in i\ 
(.isih Ik jioi foi iiK d 

Tins oporatioii m.is dso pdfoniKd .is a ])iopn.itoi\ opointion foi k 
section At iiiosont, liowcioi icsci tion .and tlioiiiooiil is(\ nt jii idn ilh iIm.K' 
ptifoinitd at tin same opti it ton 



I ti, \if —<l-or I » n ! pnt: ) 


Tirol \(OII I\ loMMINMlON NMTH M-'iniOS 

—Tho nil' I'l'i ot tIiora< ojilnstv h is h< di jurtoiiiKd in lt>o ' i''' 
Ill i oiiihiii it ion Kith nsdiniii Thin u is oni jio'tojn r itm <hatli 

In 20 ( dts tin tir^t nh his hi < n dnidiil nitdiorl' iiMdid )iosIi riorh 
nnl lixid IS I hisi fo till Mil ilni>>iinnni is possiM. It is idnsildt lo lollou tlo'' 
td Ininpn in ( di s ulnn in txtriphnrd iisi>tion hi- In di jnrii'iiin'i >od 

in rv Is d nu< I ol nil* dmii ol tin ipn ..h ..is sp n ■ nnl u In ii it is idt iniport'ifi' 
So pt> \dit « n n slitrht r» (\piiisiono tin hiin: 
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1„ v(, , tliF liivt nb Iws been KlX in place Tins niodifiuitioii is somo- 
■.bit ( i‘'Ur ati'I !<''■' time MniMiiinnir to ptiionn and is naed in cases nbere 
it.r t.-oiion f\p,ins)on ot the lunu dwM llie new tluiMcic dome is of 
le, inii-nrtnit. f If loo short i pn < c ol Ibe sitoiid cib is resected tlieie will be 

loo hrec a siia<c insidt the (iiis.itnic oi tin second ub with i re-c\pansiou of 
til. luiiu (1 ICS ; and 1 It Tf howr\cr a !im<:tr piece is lesccted from the 
s. .Olid nb iniknic: it as sti inrlit .as imssible it c in be fi\ecl close to the 
mcbi-timmi U then a careful fixation (Fi? S) of the mediastinal pleura to 
tin Ilr^1 inicriostal imiselc bundle is pcrioniicl the liiiiir will be kept below the 
u.w r.Mif fl It's 14 I'l and Ifi) These technical details ha\c heen found most 
important n.r a '.'ood result In one e.ise in winch a emnt canti was opened 
dunm: ihe pscnon i tnbiiculous mtoctioii oicnrred in the apuohsis space 
1 iiiv s(i ms now to li no b.a n broiiLdil under < ontrol In eonsenatnc means The 
.o>tii. Ill ni.l luintioiiil result lias been "ockI (Fuj 171 
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' 1 a Vi I ,1 , ’ll'", p" alh iflrr rlslil ui.r<r lob-tCoirj an.l 

n - It I ' .‘.'"'2 ' •'<'< I'-'' n rlj 1, I rior 
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2 li tin i*iniiinnt: Innu tiwn < nutiins m\» r.\l hlirnlu arc i*' U maj not 
. u nil.M tiH i 5 o 'hiM « iMt\ \n' uUj qilMU \l in iioikct mil be potcntialh 

.1 ' i .1 b> < lU'-t '<! mt( < tiiiii 

*. \ Intt.r nnotiuu oi tin Mmiiniin: Imii: tiv.\u inn In obtaineil When 

1 ill"’" iijilnti n \nri'iriu(<l tlu ^nrtinlnr' <'f nwsen uplnke on the 

r l.a M- 1 . Mill ottin k.ip ])ii ilbl to tlu Mutilation On tlu other h uul 
r>'t<ti'in Mitlnnit thorai ojil i'Nt\ inn nMiIt in i i oni]) iratm 1 ' hi^^h \entili- 
' 1 I'l mil l‘i\ o L'l It n]tl ikt on tlu ojo r i 1 < <1 M<le TIuk the rt spirntori nork 
nil till iijn r It' (1 '>ul< nni bi i oiisnb 11 d niu i oiioniu nl 

/»,,, ,.,,0(1 — \s thn npi oi thoruo]>ln''ti will iisull in i stable mot 

]' nbi'ii '1 ni'iienil Ills ir« (Minded (ouirh n inon iffictni and atdeitasis 

Is »• fi li ( u iiniiti ri d 

inii'iiiiri stndu's iinlndiii" arti rial owem d( tirininatioii duriiiir the 
niiiii'diiti pn-'tiijn 1 i 1 i\( )>(riocl in in protrn 

Tin M-i oi tlu tb'ir u upl \s.\\ ni n \n Navud \s toniul nm.'^''ai\ In 
\iin_ pituntv tlu (ii'std ( irtilnn^ m inou eisiK bint but the o]Hration 
li >- 111 111 (iiifiirniid 111 i-oiiril ji itient'-o\i r 10 m irs ot ace tin oldc''t beinvr fiO 
I It's old 

'■III'iiioro — V III u t'llinupu lor thorn (>1>I nil n (h'^inlinl ami h n been 
I tiii'ai'diii ll''pmint'> Tlun was onh oiu I'ostoiieratne death This new 
til'll i'II,i! IS,\ iinlndos (11 n sia tion 01 posti nor I'lrts ol the ribs (21 apicoli- 
si' III * 1 1 hilniii I 1 fiMtion (It the iibs to the i>osierior part ot nb b In stain 
I siii s'ltnris tlirou'_'li dull holes When the sntiiies ne tied tin lostnl 
I 1 lb i-'s ri Is 111 and a stable r<Hii is oblainul 

Wi,li t(, i,\i ilmrii iipl isti p iradoMc d inoiciiunls ire i \( hub d and tin 
‘ '' * <"tiu Wlun usisl is i ]>roushiri ]nrsi is unub as i seieii- 

t lb ! iir 'lip! s,\ 1 ' \\i 11 lull nitd III oiu s' ili 

111' " iib.iiitinn of r,si.tiim wnh this i\pi m thoraiopk'sn is i wdl 

' I I 1 pr, , i„r, 
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- ' o'l n 'lilt Ixltn-i-m! Vto-ntssis rlur 

I - I /tl 1 S 1 * ' 

. “ I , \rl'fist Dill, n , mi ( arisen I'lnxi,!, r, umoii 

( I ,, ' , " J,' ■'j ^ ^ I-Uiiis a „1 riini-i 

' ' ' ' I I I I MV a, I TS, 1 , , n -liir s^anlinv 
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l.IPOID P.NLl.AFOMV SIMLI. VTJ\(i Tl M()]{ 

Jjx.MwW Dv\is,'\I1) • Atnntv 0 J1 vmiton, M 1) ** 

('ll \l!LI_-' Bk KlI\M, AI J) ,**• \M) TlIFODOKt A\ INMIII , AI 1 ) 

J) ( 

L IPOJI) piipiiinoiun js i cJiioiiit dist.isi tif iho htiifss uiiistd l)\ (lie in|:(slii'ii 
I nf (111 into tlic .ihcoliii spn(ps Jt wns fwsl niofriii^nl 1)\ I iii!:IiIim' hi 
ini") Up ipj)))itc(l till nutoiisi fnulinps m lliui (liiklipii iilio li.id ipuim'I 
oiIa iih (Ik .itions oipi ,i long ])piio(l '^iiui liis ipjxiit a 1 irgc nuiiihii ol ( ims 
lin( ni)])pitp(l in Ihp lifpiatuip in ulult'i is wpli is in cliildiin" Liiioid 

inu niiioni 1 is (oiiinionli piuminloipd in tlip ngpd ulio lisp ninipril oil to 
ill(M Up (iinstiii.ition In tlio Mningpi igp gionp oil nosp diops oi sjir iis an 
tin (IiK 1 ofl piidi 1 s isppiiilh iilipii potainp li IS 1)1111 'iddid to lilt pi( |i II itiiiii 
III lilt lilts tlip disi ISC lias lupii Kjioitid lollouing tlu isjni ilioii ol milk 
\ It iniin oils iiid oili nose di Otis'* 

liddith tlu HU I (.Lstng lilt id< IK ( of Iiing I atu ( r Ii IS li( (a tlip siil)j( (( of 
(onsidi r.ilili siuiul.ition ( ,ists ])ro\cd In tissiip Inojisi imist lu iK((])l(d lull 
OKI (\p(iKiK( It (larfuld Altiiioii.il Ilospit il k ids us to doiilit tlu laliditi ol 
( is( s ol Inntri.iiKti not Instologu alh |)ro\(d It is t>roI) ihlp that sonu of tin 
( ists of iiiioitid luni: (aiKii witlioiil kuiiist ])ioof m iitiialh lipoid ]iikii 
iiioiii 1 l)(spil( tlu iiioik rn t((linK|U(s non i\ iil.ikk tluK' irt tiiius mIkii 
it is imiiossikk to distinouisli ]ir( o])pr itn (h liitMidi two or iiiorp dis( ist s ol 
tlu kino Sink Mas tnu of tlip si\ patn ills to lu pi(si altd in tins ji ipi r In 
tlu Ills! sill ill ipi.iiititus ol oil lii\p lu (n found on oi i isioa la tlu ahioli 
ol tlu III a ns It iiio\ i d lu I nis(‘ of kroiK IiK (t Lsis OI i n i laoiii i kill i isi s siii li is 
tlus( w (1 p aol IIK hull d HI tins s( I IPS Tlu ( isi s < oiniiiisiao tins npoit iw re 
stiidud ( iKIiilh lad no intlioloiru dtiiitioas ttpii loiiiid (Mipt lliosp rt 
siillint: tioiii tin miIihU in lagcstioii oi oil \ ki oik Iiogiam was not imuk on 
tkrn ol lilt intuats nid in two iiistanns lodircd oil did not cntpi tlip sponuiit 
ol kill" iinolitd kfi iiLsi ol Ol (kuk d kroiu In Tlu I irgi> imoinUs ol oil 
loniid III lilt knit’s ol tlusi si\ pituiits <iinkl onh lu Kionalid for In llii 
\oliHitar\ HitusiKiii ol oil Bpcnmc ni tlu (liniPnl smnhnlv kptwioii Iipoid 
piKiiiiionii nid tumor tin follow inn (asp«, aip pi (-t atid 

( 1 —M \\ 1 t "i \ ir ol I wloi unmin < < n'-iilti-I In r [lit i i m fui Tun I-’, l''l_ 

I lu -III "n nut f'lliu" w>H \ ri • ntp n<ii.niiii of lu r rhi •■t >-1110)1(1 n 'In o'’’ 

r • ind t inn n tfi rulit niid lun., (Jic T' "Jon •■):• u n*- ndmillrd to tlu lu J n il Ti K 

I” I ‘iJ .-li I'll ro -\U"j>to >• n f'mill to li« r i In t nr<l lu r j In-ii nl p\nu in iti n "n 

I n 1 f r I lit 1 ill n SI i' h in I 
-- -1 - \lt r 'ini Tl ^ siir). n < irrt I 1 M» m ri il II j il il I r f 
vtifi, ' » I I ft I ft/' *■ 1^' 

'»• rl " Itr^ I '^ n M f/ -lil H i I il 

\tl n line 1 A 'i / A-*' I ^ T -I il H 

• ritl 


r . f Ti 
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f\ll\ I n*’ itroiirlio rn]iir ( \amimtion ri\<aloiI n f;ni\i«h nins' nlnio't blockinp 
tl j t r I uoi tn of III n^lit lon-pr lolx \o brondionnm wn' nimle Tlit pr*. 
i ^ -I Ii'i:;'' ; I )\ 0 I rrinrlio^t riir t imiifiii i On luK J7 1*)4J her rijiht liini^ %\n*' 
t ' 'lit' 1 n nplii ilioii Tlif Ittnc noicli)‘1 '’"i" t,nni~ nnil it~ '•urfnoi iin^ -inootli 
' t' 1 !nri n I ninl lilnif t nt iction'- ••liow»i! n 4 rm firm nin" in the Inner lobe 

111 rrt iibi „ iinbintion The tr"m eoni]iri'intr tin nm'" ivn- t:rn\ nith tleebi of 

I t i-l'i Tl' ri Ml It! lent i-i'- ]K ripbi ml to tlif nin" The bronchi weri patent 

I\r ;t II tl‘ in\oh. i nri i Micro i tij le • \amiiintion of v, rtion- taken from the cmtml 
I 1 I f tl tnt-ir hoMcI thick partial!' h'nbninii fibrnnc banil‘= '(]<amtin[; tlu 

h ji Ill I'l 'll ami ]ila'-m 1 mIIi "ere ilifTii'-i h ••inttereil throiichout the fibrou'- 
I It il tl 1 ' I n occ 1 iniinl lar^t n"^risnte-< of hmphoc'tm The ft w ri."iilunl 

t t 1 r I I irtiiiMTis h'I- rchromntic niicb i attached to the walli of circular ca\itic« 
1'f i‘ ! tl o ah' ill In addition to tin •■inall dropbt" of oil iilentified b\ the l!--' 
f fat lit tl (n Mtr 1 ir_i _bibuh 'if oil jirc't nt in thi thick nheolir m ill- lUr 
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( \S> T—V '' u III 111 H M-II-. HI1<. iilinittiil ti) (ilirih III Mi riinri il lli-j it il 

'III \ii(, n I'i'O < mii/il iiiiirif, (if htiMiif, hull II I old for font mik*. I In Ini I- , 
III (iiii[iniii i| li\ fnir mill iiicri ivim. fiiti;,iii Ifi liiul n ilirmii uiiiiiiriiilin Ini’ . ini.Ii ml 
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, , ) - t. r' ' 

, ' , ^ , nlni, i-.nitl limit' I'l.m. Ini'i-oin' .Mmmitwn 'hoivcl no 

^ ',1 , j f,r 'll. in tl. rv'it I.m.r lol- l.ron.-!iu> Luolojiv iml 

, f 1 1 f I l.r-i' M t‘ I ^vti\< f X iiiiiii'itiim of tli I on \ut, 1-4 I'llO liif, 

i I it il ii 1 II i" < Ni 11 i 111,. from tl • riglit 'ixtU to twilftli nb jxxl. norh 

H i„ i ii , I s t„ U hv-l \ lronhn„rim 'liou.-d noninl fillinf: of tin. 

1 I 't' 1 j I- 1.1 1' Inillomi with .xtiit'ion into tin rit,Iit lunp or nn unu-'unl 

, 1 ,^ ) > III tl. n..l t lou.rlol.- \t o]i.rnti(m on \ul 1* tlie ivlit lovtnt 

I 1 ^ II i.". I il t rii Tl »ntiri lunn \\ i' .1. ii' 1\ ii.lln,rint to tin rln‘'t nn*l tin lii'iplimjpii 

j 1 ,1 r I I 1 .. r 'Bh . nlnri,. 1 \ froon -xtion .ln..iiO'i' " i-c ixiuivo.nl but tvn,' 

, ,,, 1. i1 It . 1 \ j.tn umon.-rto ii\ m' nmompli'lnxl 'nitli iliffirultv Iw'cnu.-. of 

, n .. I Tl . lu'_ nii.,1 •»! 1 onii „riin' Th intir. -urf n . t'i' initnxl bv fibrou' 

■ ^ li . J ,r , ilK .•i!lni--.l iinl I liit'li rt-i in tin upix r loU but tvn= 'olnl nn.l t.mvi'Ii 

ill ' tl li; r 1..1 nn.l inf. nor jHirtion of tlm ninbll. lol.* Tin int.rlobir fi"uri'- 

1 . I _ii ' II < nt '.stion 'Inn'cl lioiini,.i in oU' 'j n lu' v. lIo\\ I'li cmv ti"Ui^ 
t .,1 1 ill t' 1' . r 1'b nn 1 ipproMiiintr 1' Ii ilf th mi Ml. loin Tin bron. hi w.r. 

U t 'I It bit .r lilt M ri Jilt, tit tbrouLliout Mmro' ojnr 'in tiom- of tin lowir 
I I III 1 " 1 1 lb -oil .1. toll of liiiiii" <>11' ml 'iirroun.bxl b\ ttmlc bninK of 

t tl . Tl ih nil lontiin 1 lire mi"-- nomj.o. .1 of .l.^'qu innt.x] nlvimlnr liniii,. 

’ .’In 1 111 ']' X .otmii' 'tun >1 ttitli .'u.l in 111 'liottnl 'mill jmrtiilox of fit 

1 ’ t' t. 1 'll. V nil 1 Hr.. <[ii intitn-' of fit in tin Tlt.oli Tin pntiint ilnxl folloirtnc 

' t i \n . 'Inn I 'tl nil iinouiit' of fit pri-'. nt in tin 1. ft luni, nn.l vome of 

t It 1 T li 1 .. lilt til I <nHti,i'l lilt tin'I tt 1 ' no iin ti^L'i in tl i nmount of fibrou.' 

I. 1 ’’ lit r tt ill \ft r til ili'itli of tin pntn iit it Mn.' b"inUHl tint ho h ul InVi n 

' '1 n I Vilit for t 1 ti-nr' It « i' I'oi rt iini il tint in tool i ]irpr 'Imft of 

1 ' 1 1 r uiti.,iMn ni..ht nml il o uj on ri-ini. m tin niorninj. 


1 ' <• 
It 11 1 

1' t 


I 1 I 
1 r t 
1 t ’ 
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1 li 

* I II 


i 1 .i tl ir ol 1 tiliii Ill III tt i' nlmitti 1 to th ho'jiitnl on Sm jit IT, 
t’ mil < vnnuintion tthnli r.titibil it b'ion in hi' ncht liinc The 

' 'f 'lul t ilt'pm I blit h. Iiml till roneh or pnin Tho jiht«irnl 

tl lUt n ..ititi ninl tin r.'Ult' of roiiltnc 1 ilxtritort lO'l' ttert 
1 x^tt., r ..rnii of tin . In't on Not 1' I''")! hnil lienion'trivtcil nn 

r itt ttitb n loibilnr I iril r in tin rieht ninblli loin ttlurli hn.l 
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Ill- 111 tMr\ riMiiliiI iniriii-in„ iiiiil (i cliroim ).r(nliiiliM ioin.li f„r four i, ir 

Il.ioo;in-1- liJoJ or, Iirr.ii four tim, s <hinn(. tht jn-f -it (norilli- niii! lio linii <\p, ron,,.! 
W 1 [,I 1 < Ii>i),ii"lric di-lri- lonoiliinlh H, n,liiiill, ,1 lin\ 111^ ii-i il oili no, ilrop n ^ulurh 
for oiir four \<nr T lir iilu-uiil oxuiiiiniitinii «ui <«-<iitiulI\ iuf,(iti\< < x< i jit for r vl< 
inir llii ritrlit loMir loin J ,ilior«tor\ 1 Tiiiii];iiition< nor, not In Ijifnl llronrlio roj ir 
1 xiiiMiiiiitiori ri\inlt(l t li 11 k, iiiiil jiiiiI nl, nm of ili, Iirom In 1 , n,Iiii(, to tin rij,lit lomr 
loll, Till i\ti)li>^\ mill , ultur, - for tiiln roiilo«i- niri Itoi nit,'nonmiii of tin 

oil,-t on \iit, _*s I'll! -hoiviil n -oft ti— in (Ifiiiili nii n-iirint, njijiro\iinnli h " cm in 
iliiini, I, r lot ill il in tin |iost(.rior portion of flic right loutr loin \ lironrliogrnni -lionul 
h/lint, of nil till ninjor lironrin ixrtpt llio-, in fin rigion of tin nin'- Tin prioinnitn, 
iliiigno-if wn*, (itlior lijioid pm unioniii or tumor \t opirntion on pt H I'l'il, n nm 
"n- pnl|iiitiil in tin right loitir loin mid tin ndjntint pnrt of tin iiiuldh loin \ fro/on 
-I I linn dingnoM- of liponl pin iiioonin iin- inn, ip, mid tin ninlilli mid lomr loin «<ri 
rinioviil (,ro-i-l\ tin loin- miglnil til Krmii- nnd iiiri pnrtiiilh pri pitmil I ut 
-iilioii- rhouid 11 T In 2 T 1 in poorh < irt iiiiiii rilnd firiii light m lloiMsIi grn\ nin-« in th, 
hn 111 portiiin of tin loiiir loin In tin liroiiihii- lojiding to the ili-in-ul ti -in in ihi 
loll I r loin 11 n- mi irr, giilnr n<111 ronorftion Alirro-i opicnlli, the li-1011 roii-i-tid of 
inn- I of (ill unto,1- liliroii- li«-iii iiit, rsperjip,! iiitli p'lrtmlli rollnp-ed nlimli Dmp 111 
tin tiliroii- mil -1- ii c re grouji- of fatflthd phngoiiti- li iiipinn i te-, mid 11 fiii iilii-nui 
1 ( 11 - Mil iiUioli (ontmind a fill lipophug, - mid u,re partialli liind In i iihoidal n 11 “ 
‘-oiin of tin nliioliir lining rill- riiiiiiiiit,! nttailnd to tin mill nliih ollnr- foriind 
I ongloiin rat, nia--i - in tin iiliioli 

( \st 0 —W U a II iiiirold iihit, mini iia^ adiiiillid to Itnrfnld Mi iiiorial Ho pit'll 
on III) ~i I"~> (oniplmning of n ,old iiliich had not r,-ponded to mitihiotn tin rnpi 
III had had pain in the right ehr-l nnd n iiri tough for tiio month- I’hi-ical 1 xiiinina 
tiiiii 11(1“ in„(itii( t xet pt fora ft 11 iiioi-t rih - in tin right hilar art a I ahoratori finding 

II, ri iiitliiii niiniia! limit- Itroiitho ct,p\ riitnhil dilTii-i li inllmin d niiiro a on tin 
right -id, Wii-liiiig- -loiKil “oiiip -u-pit loll- till- nnd 11,r, mgntiit for tiilnr,nlo i“ on 
iiillitri \ hroii, hogrmn 11a- not don, \ ro, ntg, no^raiii of tin , h,-t -liomd tnlir,,, 

III, lit of tin right lung rinit Tin nppiarnnt, of tin -liadoii 11a- -iicli that tin po--ilvilit\ 

of a Iiron, Iio inn ,arrinonia mii-t In ron-id, r, d \ right jiii, iimoiiertomi 1111“ don, on 
I , h 0 I'iTt T In r, ii,r, iiiaiii pi, iiriil iidli,-1011- mid tin liilnr linipli nodi- m r, 
tiilarg,,! Ill, lung m igh, d 17'i gram- mid «n- ,r,jiitant , xr, pt for a iintralh pin" d 
'1 ,111 mil “ III tin right 1,11, ,r loin ( iit -i,lion -horn d an ill difintd ana of indiir it ma 
mia-iiriii_ -1 cm 111 diam, t, r mth a -mall ,,nlriil ,miti ,oiitaiaing oili malirial 11 " 
ttnll of th, cu\it\ mi- ragg, d and ahoiit it mi- a thirl latir of grail It iilloii firm fiaih 
granular ti—11, I!i-lologiralh th, nlicdi ii,r, irr, pillar in -linin In 1 111 1 of tl" 
lliii lined lihrotn nhi'dar iinll- rin iih,,di rontiuii, d a larg, iiiimln r of lipopling, and 
«ir, Inn d !>' lo" riilnudal 11 11 - mth /iromiin lit iiin 1 ,1 1 In iiliiolnr mill- (oiitnin, d 

iiinni fat fill ,,1 | lin„ori t, - ami mtl,r,'l li iiipho, 1 1 , - mth a f, ii jda-inii " 11 - and 
HI iitroplnl- It un" diiomriil aft, r th, opiritioii that tin pitnrit Innl 1, < d nppn 11 
mat'll a pint of min, rnl oil a month for nt 1 , a t a i,nr for r. In f of ron-t H atioii 

W hilt lilts sn I, s 111 t nst s IS titif I irg, lit, s\ iiiptfiiiis in,I (intliti'g- ir, 
iitiK (Il ir i( t( ristn d 1 liirgtir grutti, „1 JiniLsiiigM, il lutnnls \m 11 i lil>"t'l 
I'ti, tiiiinni i f,iiin,l It fiiirftiltl M<iii„ti.tl Uttspii il ,ltit-iiig, lit, jusi f/i, 1,11- 
111, iiiiinirt lit,, fit lilts pr, 11 nt till, tlis, is, slmnM ti,,t 1 ,, niiniin)/, ,1 In, 1111-' 
tl Is ,itt. It (lisihliiig 111, ills, 1 st mix s,,iit, tiiii, - In t it tl III, iiit'ipsi liii'I 

mgs ,,ti (i\t p lilt Ills iili,i ihi <1 ,»l iiii'iitl pit, nni'itiKi it this h'lsjitl il «'t' f 
I'litli I'p'iilt'l I in, lii'ling ,iiir t is, ,1 

t'liU tlir,, pitiiMts 111 this s, rii s sought in,,It, tl nlti,, h,, iii-, "I tlnir 
siiiipt'itiis Till othtrs Mtr, r,t,rr,,l lot in\, stig ittoti h,, ni-, ,'l isinipt' 
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- 1 i/- luue lound .>u routine mentgenographic c\amination Most ot 

•I. i.i'nnt^ h'''! r-thfr ' 'nut indefinite toniphints and no '^mele complaint 
ns u> ill intients On qinstioninu umr had a chronic cough and 

' su ird slight pun in ihr .hid Om patient had repeated henioptises .and 
. IK was shcliih dispinn 

Tin di lenK-is ot h]imd ^mcunionia cannot he made on the basis ot 
linn il findiinis nlom I’hasual si^ns arc not specific and can nith the 
si 7 . position utd character ot the lesion ( hnical lahnratori tests are 
'i( 1 die ntiri 1 ardmp and str\e onii to rule out certain other diseases It 
Il's hi>ti d* !< riDiiK d m a larcn scries of e ises" tint hpnid pneumonia occurs 
pr. il'iiuin ititli in tin ncht Inn*: This is pnsntnahh due to the anatomn 
diri niiis il ‘<1 nil tin two hiiiirs The ri"ht hiii'r nas iniohcd in eieri 
!• tnnt in tins sinn It Uis also hnn determined that the rnrht loner .and 
11 idli loins ir< most inqtunth miohed This was the ease lu this senes 
t'l. M_(o tqipi r lohi Ik nitr meohed in oiiK one instaiue OnU one of the 
! Untus in .Ins unniji ni si\ w is a noinaii allhonph in larirer senes the seves 
• t" iliuos. xjtidh divided The m(s of onr patients ransed from 46 to 67 


V I Ps 

In ill hut otif> < is< the hrsforv ot oil nmestnm was oht.lined .ifler the oil 
1 d l'< ■ u .< uud lu tin resdted Iiiii" Accordinir to tlic histones the disease 
'in .<1 In mini r it ml f.dctt tor tin relit f of eonstiji.ition in four t.ascs 
n d h 111. droi s it.d jw trol itum eai h in one uistum e 

\ t'l • nuio n, ttnnv w is pirtonned on three of the 5 i\ ]ntunls hccause of 
I 'i 1 SI , I'lvolvi 111. lit ,,i the (list 1st ni oni case and the medial location of 
'1 • 'un.' in t*n othi r tv o t isis Tin nerht middle and hn er lobes were re- 
‘d 11 o ( is.-s Ik nils, (if (\ttiisut dis( TM mid tin nirlil upper loho 

I 'v ' s I 111 III Id tji, jiituiit who Uni loiahrcil tumor In four patients 

l.'i'i.'isit. ji’dirii idin sKuis wi rt prt s. nt w hn h w c n iisii iil\ unreiated 
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taken ruineial oil foi relief The loeiitgeiiogiani taken seien leais attei 
pneumonectomy shoued an aiea of density in the left lung field similar to 
that seen on the light thiee yeare hefoie 

In general, the loentgen featuies aie those of fibrosis and consolidation 
The disease is usualh multilobular and mai lemaiii unchanged foi "leal's 
The fibiosis consists of fine lineai and small nodulai densities uhich mn^ or 
may not i educe the size of the lobe The appeal ance is that of spun glass 
and it may extend to the pleuial surface, houeiei, pleural effusions are laie 
Ba means of Bucki film and a fine focus tube an aiea of appaient consolicla 
tioii can be shoiyn to contain an and piesent the spun-glass appeal ance This 
finding IS of gieat impoitance in diagnosis, foi it lules out a solid tunioi or 
complete collapse The louei lobes, paiticularh the right aie the usual sites 
of the disease, but the axillaiy portions of the upper lobes may also be m 
lohed The disease may affect an entiie lobe and pioduce an aiiless appeai- 
ance, for example, im oh ement of hvo middle lobes has been seen, one 
occur ling coincidental yuth saicoid and another in a patient uithout otbei 
pathology One case shoued complete collapse of the middle lobe and the 
bronchi could not be identified grossly Lipoid pneumonia may simulate 
atiTiical pneumonia, lobai pneumonia, tuberculosis neoplasm, infaiction, 
metastatic lesions, oi bronclnectasis In e^el•y case in this gioup there yns 
either appaient bronchial occlusion oi a nodulai mass resembling tumoi 

The diagnosis of lipoid pneumoiua is made on routine hematoxilin-and 
eosin-stauied tissue though fat stains are aluays used for confirmaton 
purposes This diagnosis is not made -when the sudanophilie material is 
found only in the aheoli and alyeolai -walls, foi this is usually due to pre- 
operatue iodized oil studies When sudanophilie material is found in the 
fibious tissue some distance fiom the adincent aheoli it is considered to be 
ingested oil Control lungs subjected to iodized oil studies preopei-atneh hare 
not sbon n penetration of oih substances beyond the ah eolai alls It is 
known that ^arylng amounts of intia-aheolar oil are lemoyed by pln'siologic 
and mechanical means Intiacellulai oil -was found in the sputum ot one 
patient for a month after the introduction of iodized oil into the lungs for 
diagnostic purposes Between August 1950 and Noceiiibei, 1953 a pciiod 
of three real's and thiee months fifty-seien patients weic opeiated iiiioii at 
Garfield ^Jfemonal Hospital foi piiniar^ caicmoiiia of the lung Duiing the 
same pciiocl thiee patients were opeiated upon foi lesions which ultimateh 
were proied to be lipoid pneumonin Though these figures are too small to 
be of statistical significance thci indicate the difficult-i in establishing a 
coirect prcoperatne diagnosis The figiues also suggest that lipoid pneumonia 
IS a lelatiieh common condition 

A strong index of suspicion is the best aid to the diagnosis ot Iiponl 
piieiimoiiia This is shown by the lelatiiely laige number of such cases found 
at Garfield lirenional Hospital in recent leni-s It is important to make a 
diagnosis in suspicious c ises befoie undei taking a iinjoi opeiafnc iiinfcdure 
tor surgeri is probabh not the tieilmeiif of chone in all cases A diigimsis 
ol himid pneumonia niai be made on the basis of a salisfadoii histoii of the 
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1111.1 ■'’I'll "t "il muimMiiU riMiitiiin lnnlinu'> mil thi fimUng of oil wnthin 
in tlic ]>ntiii )1 s ‘^initinn Tin toilinuiup lor (ollottinir specimens 
of vjiiiiiuii lor ivnimnilion is import int Tin pntiiiit s sputum must l>o from 
111. l.romhi iml slimilil In (olidtiil iii i cUmi irliss lont-iuicr prior to catnip 
li-. iVfist ''m(^r^ stainul with sml in 111 arc ]n-.Mti\e when paitnles of 
Mill uioplnhi imUnnl are present within the plnuroei tes L\tracelliilnr fat 
i> of no ''lunifn UK . 
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sputuin ' out nils ml .ind in wiimii .i putmonaii hsnm cniiiiot he differentiated 
I OI iiti.1 noloLK d!\ trmiiatumor Tin Inst treatment is jircieiitioii 
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Announcements 


THE A 5 IERICAH ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Thirfr\ fifth Annual Meeting of the Amencan Association for Thoracic Surgen 
will be held April 24, 25, and 26, 1955, in Atlantic Citj, New Jersei Headquartors mil 
be at the Chalfonte Haddon Hall 

Requests for Hotel Reservations 

These should be mailed directlv to Miss Dons Sears, Conienlion ^Manager, Chalfonte 
Haddon Hall, Atlantic Citv, Mew Jersei Please mention this Association, the tvpe of 
accommodation desired, date and appro'nmate hour of nmval If accommodations are 
desired elsewhere in Atlantic City, please communicate directh with the hotel of your 
choice 

Thoracic Surgical Forum 

Bj 1 otc of the membership, the Forum is to be continued for the presentation of 
short papers on current thoracic research, cxpenmentnl problems, anatomical studies and 
modified or new surgical techniques The inclusion of any considerable amount of clinical 
matenal in these reports makes the choice more difficult and the Program Committee re 
serves the right to reject such papers or to suggest their transferral to the regular program 
Papers at this session will be limited sharplj to ten minutes, including the showing of 
lantern slides or other illustrative matenal At the discretion of tho President, three 
minutes mav be allowed os the maximum discussion for each paper 

These papers will be published together in one issui in the Jour-sal of Tjior.icic 
SURGEB\ Ufaximom length 3,000 words nithout illustrations If illustrated, an appro 
priate number of words must be subtracted for each cut used 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1955 meeting, including papers before 
the Forum, must be receiied on or before Dec 15, 1954, otherwise the) will not be con 
sidered b) the Program Committee 

Abstracts should be labeled “For Thoracic Surgical horum,” or “For Regular Pro 
gram ’’ 

Flic, repeat, file copies of each abstract must bo sent to the Secretary of tho Associn 
tion. Dr Paul C Samson, 3959 Happ\ ^ allci Road, Lnfaiette, California They should not 
be sent to the Editor 

The abstracts should contain from 200 to 250 words and accuratelj reflect the con 
tents of tho completed paper 

Applications for Membership 

Applications for Associate Membership in the Association must be recened bi the 
Membership Committee not later than Dec 15, 1954, otherwise, tho applications will be 
deferred for consideration until 1950 

Applicants must be sponsored bi three Actue or Senior members of the Association 
In addition to the signatures on the niiplitniion form, the sponsors must forward a up 
nralt letter concerning the applicant directh to Dr I vman A Briwer, HI, ( hainnan of tin 
■\fembership Commit tec, 2W0 MiMiire Bhd, 1 os Angeles 5, Cubf 

Completed application forms and the sponsoring letters vultpciuhntly sent Iw the three 
sponsors must be received bj Dr Brewer not Inter than Dec 15, 1954, to bi considcn d for 
action in Atlantic Citv 

Sponsors are reminded that new letters of recommendation must lie foninrded to the 
Membership Committee should their applic ints be held orer for reconsideration a second jear 
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I III- I—lit III till lot I \ \f oi Tiioft\(ir nr,i ft\ is dciolctl to tlic fittcen 
|i (H IN ti.iKiitiitiiiir tlif Idinm It is cxjxittd that c\orv icar at about tins 
III II 1 \wiii!f is-.u( 111 tlip loi Its \i Mill Itc "non iiji to a similar "rouj) of pajicrs 

I i!li iliiir disi iissidiis fliL idf a of 1 ‘siirtrit il 1 onini Mas put into practice 

mull ih ui ikiadi nco MitU tin Auumk in ( olloirc oi ‘^urceons at the instipa- 
tiiii Ilf Iir (i\ (11 W iiiLo nsti ( II The orienial < omepUnn Mas that it sliould 
I m^iitiiP 111 opjiiii iiiiiit\ lor ^oun{: m« n ptrliaps f\en too aounp to tpiahfi 
lor'(lloi >.lii|i 1(1 till ( olleei to pn stilt tin results of flieir oripinal i esean lies 
• HI tiioh rlMiip siKiififi, iv|i((is oi siirc'tri 1 mm the hepiiininp the 1 oinm 
h s 111 1 u u in it sin <,ss iiid un<iut stioniihlv it has luspirtd much hiirh pratU 
I in I til it n u oi siircK i| ji mbit ms 

Till nh 1 oi tin I (iriini hn bt i n laktii mtr In otlitr sonctics This is 

In tirst liar that tin Niinrii iii \sso(iitiou for Thor ilk ^urpt n. his trud 
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Original Communications 


USE OP THE ENDOTEACHEAL TUBE IN PULHONARY EDEMA 

Watts R Webb, M D (by intit vtiox), Sanatoriuai, SIiss , and 
Guy D Campbell, MD (by inittation), New Orleans, La 

P ULMONARY edema occuiimg dming oi immcdmtelj following operations 
has been mfrequentlj' described, yet sporadic reports’ ® -■ indicate that it 
IS not rare As ne haie peisonally seen seien eases, tliree elsewhere and four 
during the past eighteen months at the Mississippi State Sanatorium, ue feel 
that it lepiesents a gieatei piohlem than is eiident at fiist inspection The 
first three patients ti eated hi com entional medical measures died In the 
four patients treated bj the method desciibed helou it i\as possible to clear 
completely the pulmonary edema, tliiee recovered fully 

Regardless of the etiology of the pulmonary edema—whether caidiac, 
aiioMC, 01 toNic—one common factoi, paitial or complete obstruction by the 
edema fluid, quickh develops If these patients die, it is usually b> drownmg 
Yet neaih all lepoited medieal legimens oierlook the nnpoitant possibihti 
of mechanicaUv lemonng the edema fluid Ordmanlj, its remoial is de 
pendent upon the cough of the patient, which is lareh elTeetne, and upon 
lymphatic absorption Lymph flow is leHtnely slow eien at best, while the 
high protein content of the edema fluid® preients its capillary reabsorption 
As a result of the ensuing bronchial obstruction, there dei elops a i ariable 
degree of anoxia Anoxia causes both pulmonaiv-aiten hypertension’’ and 
capillary dilatation" leading to congestion stasis, mucosal edema, and 
fuither tiansiidation of edema fluid wnth inci eased obstiuction and greater 
anoxia It is extiemelv impoitant to intenupt this cjcle at some point, and 
the mechanical remoial of the accumulating transudate appears to be the 
most feasible and rew ardmg 

The method we liaie used consists of a utilization of demonstiated prin 
ciples and existing equipment An endotracheal tube with an inflatable 
cuff IS inserted into the trachea wuth the patient still asleep or under local 
anesthesia if he is aw ake Oxygen is administered under a positn e pressui e 
of 5 or 6 cm of water’ ® Brief periods of suction through the endotracheal 
catheter wnth a smallei urethral catheter are repeated as frequentlv as mar 
be necessaii We ha^e at times had to suction a patient as often as once 
each minute and found that, wnth a little practice, it is quite possible to dis 
continue the positn e pressure oxvgen for onlv about fiie seconds during each 
aspiration In addition, all the usual adjunctne measures haie been used 
including intiaienous digitalis and aminopln llin, lestnction of fluids, meicunal 
diuretics, rotating tourniquets on the cxtrcmitias, and actual phlebotomies 

From the All^itlppippl ^tntc ^nnntorium ^^nnatorlum MiPff 

Rrnd at the Thfrt> fourth \nniml "Nrectlnfr of T7?e \mericnn \F50cintlon for Thoracic 
Surperv at "Montreal Quebec Mn> 3 to 3 1*154 
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CV'F KU*OrT< 

( tj. ]_}. '\i IT ^^nr oVl vlut<* \\<iTian, w*!"; admitted on Oit 2 i, with an 

^ 1 , ft uniMr' il l.rmidueeijM‘ n{ the Irft lung following aspimtion of a piece 

' • Tie HI,. r\to'\ ilat 1 ineluding th rh etroeardiogram wcri, all normal The 
j . , "'ll •, a’oi" to reliiewl to almo i jiothinc hv antihiOiic therapv On Xov 3 , I'^ 32 , 
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,-er 1 :i jUirid fn p.-at traehenl n>-l>irntton>< to liip the ninvat ckir, and undoubtedh 
ri ' r' a oiia o'CLtri il \]>j roiiiiiati 1 ' one ami oat half hour' after the itici'ion 
{7 I “> fuid wa' notel tlowiag from the endotncheal tulw tn 'uch quantities a' to 
epir- nl 1 ', i cfi 'tant n-iirition rnvtoj-'ratin h the patient was a'juratcd alnio't 
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! I IT 1 1 e 1 a 71 1 I I a the ( xtriiniti'« Tl 1 j> 0 'toje>ratin ele, trtv-ar liogram'bowed a'upra 
le Tl liar t lelm itdi 1 and ditlu'. I'rheinin The blood count' on the fir't po'toperatiic 
iS' w< 1 t'• TriHuin rid blood ci IH with pi r ci nt hemo„lobin Tin po'toperatit C 
e it I wa' nr ei I n he ite 1 exei pt fur a low grade fiier that gradiialh fub'ided Tlie 
latieti ret aia* iti i ee, U at health and i' enaipU l< K a'lnipt'imatie 
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impro\ed to witlim normal limits Blood counts on the first postoperative dai shoved 
4 76 million red blood cells vith S4 per cent hemoglobin The postoperatne course vas 
uncomplicated tliencefonvard and the patient remains completelv asimptomatic 


COMMENT 

In this ease theie ttas etidence of pie existing caidiae disease, but tlie 
pieeipitating faetoi appeal's to hate been the anoxia secondaiy to pniraoiiart 
secretions and the paitialh obstnieted endotraelieal tube TJie response to 
tieatment was lapid, and onh about 55 aspiiations tveie lequiied postopeia 
tneh before the pulmonait edema was eontroUed Even so tins lemoted an 
estimated 250 e e of fluid fioni a cliild ueiglnng onl3' 30 kilogxams and hanng 
onlt one lung 

Case 3—il B, a 23 tear old vhito voman, had residual nodular and bronchiectnlic 
tuberculous disease of the entire left lung after long term antibiotic therapt AJl the Inborn 
ton data verc normal except for a marked anemia vhich was corrected with 1,000 c c of 
citmted whole blood given one u eek pnor to operation 

On Aug 13, 1953, a left pneumonectomy and ninc-nb plombagc thorocoplastx were per 

formed The operation took apprommateli three hours, and 2,750 e c of citrated whole 

blood was given dunng the procedure Xo abnormalities were noted until the patient was 
extubatod Then frothy, pink fluid was obsened and the chest dei eloped moist, inspirnton 
rfiles A nasotracheal tube with an inflatable cuff was inserted and oxtgen at a positiie 
pressure of 5 cm of water was started Merculndrin was given intmmuscularh, and 

Cedilanid and aminophyllinc intravenouslv Tourniquets were rotated on the extremities 

and 500 c c of blood was withdrawn from an nntieubital vein For the first hour aspirations 
were required everv two minutes, obtaining an estimated See each time After this less 
fluid was obtained, and it was possible to remove the endotracheal tube five hours after the 
completion of tlic operation On the first postoperative dn, blood counts revealed 4 43 
million red cells and 9S per cent hemoglobin The postoperative course thenceforward ivns 
completelv benign The right lung remained stable and the patient was dischnrgeil with 
negative sputum studies 


COMMEN'T 

The etiologx" of tlie pulmonaix edema is not ccitam m this case No anoxia 
was recognized at ain time Tlie blood replacement was appaienth in cxeass of 
blood loss, and max haxe caused pulnionnix hvpeiTension The patient’s 
1 espouse xvas immediate, and less than 50 aspirations xvero leqiiired to obtain 
clinical dealing of the lungs 

Case 4 —W If C, a 42 rear old white woman, wms passed for a left pneumonccfenii 
because of cxtensixo tuberculous bronchiectasis /VII Inbornton data were normal except for 
an nncmia, which wns corrected with 1,000 ce of citrated ntiolo blood, the last pint being 
gixen three dnxs prior to operation Preopcmtneh the patient denied nil cougli and sputa 

On Aug 24, 1953, n left pneumonectomy requiring two nnd one hnlf liours was per 
formed Mobilization of the lung wms difficult because of thick vascular adhesions, 2,250 ce 
of citrated whole blood was given intravenouslv During the cnrlv dissection, profuse purulent 
secretions mixed with blood poured into the tracben requiring verv frequent nspirations The 
bronchus wns clamped as soon ns possible, one hour after the incision Tlie pulmonnn 
nrtorv was occluded two or three minutes thereafter Xo further difficult was noted until 
the completion of the procedure when the aspirated fluid appeared thin, frolhi, and pink 
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tracheal aspiration becomes extremely bnef The positu e pressure o\j gen, as 
has been pointed out/ ^ is of itself of great \alue The o\%gen under pressure 
combats bronehospasm and mucosal edema as uell as directly increasing the 
intia-aheolai pressure which helps preient transudation of fluid from the 
capillaries into the mteistitial tissues and air passages of the lungs In addition, 
the increased pressure retards pulmonary blood fioi\, thereby reducing the 
pulraonarj' capillary blood pressure 

It has been ampl} demonstrated that the endotiacheal tube can be left 
in place for a period of da3S mthout causing great tracheal or laryngeal 
damage It is our piefeience, if the tube is to lemain in place longer than 
foil}-eight hours, to perform a traeheotomj’^ uhich is much more satisfaetorj for 
remoiing the ci listed secretions that inevitablj' seem to form 

The adjunctive mcasuics that haie been used liaie been of presumptne but 
unproied \alue m these cases uheie no definite cardiac failure could be demon¬ 
strated Digitalization, hovcver, m pulmonary edema caused by phosgene 
poisoning, has been shoim to augment the heartbeat, clear up the irregularities, 
and keep the heart beating after respirator}^ failure in contrast to the im 
digitalized heart At the time of an acute episode as described above, one ma} 
be unable to lule out the possibility of cardiac failure and so use all the methods 
of treatment cffcctn e for all contingencies 

Meicuiial diuretics piobabl} do not act fast enough to help in these cases 
There is some doubt that their action is at all marked in the immediate post 
operatne period vhen kidney function is depressed b} the anesthetic and hor¬ 
monal factois 

Eth}l alcohol vapoi, as dcsciibcd by Luisada,’^ mai be a fuithcr adjunct 
of great value Any transudate in the air passages forms a fioth as it is mixed 
mth the mucus by the rcspiratoi} eddy curicnts This froth assumes a lolume 
many times that of the oiiginal uatcr and mucus mth a much greater obstriic 
ti\e potential The aspirating cathctci docs not rcmoie all of the fluid at am 
one time and then ozdi that in the trachea and larger bronchi Alcohol lapoi, 
bj lovcnng surface tension, can prcicnt fioth foimation in the smallci 
bronchioles and ahcoli and thus aid in averting subsequent anoxia 

Dnigs, such as hcxamethonium, uhicli act bi reducing the peripheral 
aiteriolar lesistancc, lime been found cffcctne in the treatment of pulmonari 
edema from coiigestuc left-heart failure*' Then use m surgical patients, hou- 
e\er, will ha\c to be ciiefulli ciahiatcd because of the associated tendcnci to 
lover the blood picssure 

Should shock be siipei imposed, as is pi one to happen, the problem becomes 
much more complex Tvo of the eailv cases (not rcpoitcd here) died of shock 
vhilc being ticatcd for pulmonarc edema J^an^ of the measures hcncficinl 
foi one aie deleterious to the other, ns for example, the positn e pressure oxi gen 
and the i educed blood lohime from plikbotonn maj be instrumental m 
pi eeipitatiiig or aggrmating shock in an unstable laseular ssstem This vas 
gnphiealh demonstrated in our fourth case In this situation of combined 
pulmonai} edema and shock, a mechanical heart-lung preparation veil might 
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These enteiia i^eie met by the shunts lUustiated m Figs 1 and 2 Thc\ 
aic constnicted of Tjgon plastic molded o\er glass tubing of the desired shape, 
m a hot water bath A single leaflet tj-pe lalve is constructed into the shunt to 
take the place of the aortic and pulmonic \alves in pre\enting regurgitation of 
blood back into the ventricles These vahcs aie made of silicoiic rubbei, and ai-c 
held m place ■with vinyl eleetncal tape Since it is impossible to nisei t the 
Tygon tubing directly into the aorta and pulraonaiy arteiy in a satisfacton 
mannei, flanged stainless steel T-adaptors (Fig 1) aie used in uhieh the com 



PlB 1 —Seraldla^ammatlc drawing of shunts In place. Note the resulting surgical accea 
siblllti of the great vessels at the hose of the heart Insert shows special adaptor for Insertion 
Into aorta and pulmonarj’ arterj 

bined cioss sectional area of the two outlet antis is equal to the cioss scctiona] 
area of the inlet stem Thiough the incorporation of this principle, the blood 
flow through the adaptors is not cut down, the adaptors aie easily inserted, and 
an output flow in two diiectioiis from the point of insertion is provided pei 
mitting better distiibution of blood 

The right-sided shunt is essentially C-shaped to permit it to swung down 
toward the ape\ of the heart and away from the operating area at the base 
The left-sided shunt is m the fomi of a rather complicated loop which allows 
easy adaptability^ to the short and larymg distance between aorta and the left 
atrial appendage into wluch it is inscitcd The ventricular ends of the shunts 
are tapered, and hai e multiple perforations to nuniinwc the possihihtv of com 
plete occlusion bv apposition to the lentnciilai walls 

■METHOD 

In hcaltln niongitl dogs undci Vcnibutnl ancstiicsia, tlic left chest is entered 
thiough the fifth interspace, rcsimations being maintained by means of a 
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lii.ri u f'T 'Mill'" Ntnivh-m cdnmttf»l to i t »nk of 100 per cent owgcn 

TI I'f'.'anliii II ]- im i-M jiirillol lo tin j.lirtnit lunt from al>o\c the aortic 
ri !i * ■ th'' ip-' oi th< he irt Hfitntion ‘>iitiiri-^ ot 3 0 >;ilk arc placed to rc- 
•- i’‘ p ra 'nlnini and are la hored ahtni: the “Nttmal edee of the incision 
T ' I'lIiK'nin ar!(r\ ami a>:itndin" lorla are divta'lcd out and stripped of 
V i>.d p'ra rdiuiii The dc'iindiii" lori i lor i dmt nice of alwut 4 cm bc- 
!<. \ !' bit innoiiiiii ii. is likewise disvO( ted up The lelt inilrnoiiirc arter\ is 
•>,. 1 is,,l ifd ir >m the bimn ition to the point where it disapjiearb into the Icit 
1) r bi'>' s the lower lobe arurx The se.jneiit il irteries to the leit upper 
'o's r (‘■elieb'l with 2 0 Slip suture^ loopeel but not ticel for temporarv oc 
(iti-n !i I'lir-* sirme sutures eif 0 sjlk eni an Atraiiniatie needle arc placed in 
!’i< ininiidibul ir ana oi ihe rieht aentriele ami alKint the base of the left 
on ubr ii'pimli.'i iinl afiixe-el to Ikiiininel teinniiepicts tor securing the 
pri \nii 1 e ii'is eii the slnints m the \enti le b s 
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bj Potts ductus clamps and a longitudinal incision made The T-adnptoi of 
tlie light-sided shunt is nisei ted into tlie aitei'j and lield in place hi 2 0 silk 
bgatuies aiound the limbs of the T Bj tins method the pulmonan circulation 
to the right lung is ne\ei occluded during the inscition An uicision is then 
made uithin the aiea of the puise-stiing sutuie in the light lentncle iihieh is 
enlaiged b^ finger insertion As the fingei is unthdiaM-n, the tapeied end of tlie 
light shunt is slipped easih into the \entiiele and the pui’se stiing tightened 
luth a minimal blood loss 

The left shunt is nisei ted in essentialli the same manner between the left 
lentiicle, iia the left atnal appendage, and the descending aoita Billing the 
inseition, the aoita is occluded for an aieiage of file minutes, iiliieh is well 
inthiii the safe period detei mined by Gioss and Hufnagel * 

Aftei placement of the shunts, the lieait is allowed to stabilize, and am 
blood loss IS leplaced liefore the pioximal gieat lesscls are cross clamped to 
diieit tlie full circulation thiough the shunts With the shunts iioikmg, oh 
sciiations iieie made on changes in heart size, latc, ihytlini, and in some 
instances changes in intiaventiiculai, aortic, and pulmonaij arteir picssiiics 
weie mcasuied hr means of a Statham stiain gauge and Keithley ampbfiei to 
tost the efficaci of the shunts In addition, siirnial experiments weie carried 
out aftei total occlusion of the gicat \esscls at the base of the heart foi peiiods 
of fi 0111 30 to 70 minutes 


RESULTS 

Tiieiirt-SLx dogs have been shunted suecossfullv foi peiiods laiigiiig fioni 
30 to 80 minutes Of these, 16 dogs weie aeute expenments in mIiicIi no attempt 
was made to sa\e the dog The othci 10 dogs iieic in the categon of suniial 
expenments In these dogs the shunts wcie lemoied aftei caimng the full 
ciiculation foi penods of 30 to 70 minutes and the animals were allowed to 
leeosei Of these 10 dogs, 0 showed complete icemen wuth no apparent 
icsidual cftects from the opeiation such as hind limb parahsis oi ceiehral 
manifestations duiiiig follow-up penods langing fiom one week to seicial 
months One dog died in about twehe houi-s of unexplained causes 

No significant changes in the hearts theinsehes weic obsened during the 
time the shunts were earning the full cardiac output In most nistanecs there 
were vamng degrees of dilatation apparent immcdiateh aftei the great icsscls 
weie cioss clamped which subsided to near noinial as the ciiculatoiw dsmaniics 
readjusted No consistent change m the enidiac late oi rlnthin could he 
detected 

The plastic tubing fiiialh adopted in this senes of expenments mcasuied 
Yid inch 01 S mm inside diainetei Shunts of this size wmie found to be the 
most consistenth satisfactoi i in the 25 to 35 pound dogs used In dogs under 
25 pounds, it was difficult to nisei t tlie shunts because of the small size of the 
left pulmoiiars arter\ and the left atrial appendage, whereas, in dogs mer 35 
pounds the shunts were often of insufficient size to cairi the load The inside 
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(li in.l.r of tlir T-rl i niid jnihiiomrx 'itt. n ui lUvzv ot tins wduht ranco ^as 
ir-iiii J 2 t<> J'l inin 1 nun tluM nli-on nnms i\ 's uU \ha\ the optimum ratio 
Ml It' < 1 <-i7< tn •.limit -.iri M le ahoiit 1 1 

Pnlinmnn '•tmln •. '-lum tint th. fh-rrea-^f <1 croec‘icctional area of the 
v'lunt'. V (Miiivirdl to tin imlinf)inr\ artfr\ ami aort i is nfleftctl in a rise in 
].r."nr.-> re onlwl lu tin rmht ami h ft \cntn<lcN ospeei.ilh in larger (lops 
iiiTlln pii!iin>inr\ nrttr\ iml aorta an tross (lampeil In suialler <lo>:i thn 
rid is iioi so 1 ])]) irtin Ik'i iiisi the shunts more marU fijiial the sire of the great 
(s /\ Tin s\s I iim art'rial pressure is inaiiilaiiicd .it adetpiate le\els b\ this 
foiiip'ii ator\ ns( in iiitran ntru ul.ir pressure 


ni'Ci ^^lON 

It IS I'll iliiil tins e\t'm.il shuiitimr procedure afiord-S a simple approach 
to siirL' r\ on tin n ss. K at tin* h ise of the he irt iii whn h these a (sscls haa c to he 
I ros e! nijird tor aaratn'.: pi noils of time It aaas oncinalla deaclopcd as a 
h\ ]i iss 1 in nl itinii to Ik usid duriuu retr iiisposittuu of the gnat aessoK in cases 
of (ojieunlal tr.insfiosition Tin feisihihta of this npiuoich to the ]>rohlem 
of ir nisposition of the great afssds from a ])ure 1 a tedinn d standpoint h is been 
i dl di iiionstr.ili d not onl\ in dogs in aabicli it is an itomn ilia onsa to cross 
111 sto'nos. til, jiroMiii il aort V to the distal jndiiitiu ira irtera ami the 
pros mill piiliiioii ir\ artira to the dist il aorta aaiih the shunts operating hut 
(I ' tn pod iiiorti Ill dissi etioiis of i ises of tr iiesjiosition The phasiologie 
f Ti ' ts Ml tin piMpMsi d oi'i r iinni m < Inin d < isi s n mains to he sf eii 

In addition n his (tun possihU to ixposi the pnhiionara aalac aauth a 
s’.nut III pine cirraing tin right » irdi n output The pidmonara nrltrj is 
•lusxt'd iru to thf lusi 111 tin in irt and a i uiai <1 I'otts ductus dntnp jdneed 
nn s n in tins ir, ^ , iri mils laonbng tin hit lornnira artira A second 
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2 The ability of these shunts to cari\ the entire caidiac output for peiiods 
of 30 to 80 minutes has been demonstrated 

3 Certain clinical applications of such shunts are suggested 
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DISCOSSIOA 

DR T J DOAOYAN, Boston, Mass—In 1951 ire presented results of oier CO 
eitracardiac shunts from the right lentncle to the distal pulmonary arter 3 It was 
possible in this senes of experiments to ligate the main pulmonary arteiy and diiert the 
entire cardiac output through this extracardiac shunt from the nght lentncIe to the 
distal main pulmonary arteri The postoperatiie duration at that time iras a year or 
more, and these dogs had patent shunts and were healthy and noil We now hare a three 
and one half lear followup on these animals, thei are still well, as measured by trend 
mill runs, pressure studies, and other indicator si stems The intracardiac portion of the 
shunt IS a plastic tube, and the extracardiac portion an homologous lessel graft ligated to 
the epicardial end of the tube and sutured end to side to the mam pulmonari nrteri just 
distal to the ligature The absence of a inlve in these shunts seems to cause no significant 
cardiovascular deficit Appnrentli the laho m the right icntricular outflow tract is not 
entirely necessary under these conditions 

In the left ventnculnr shunts, howeier, a lalio is nccessari There iias presented at 
that time the use of a Incite ball vahe inserted in the apex of the loft icntncle to the 
distal end of which an aortic homogmft was affixed and sutured end to side to the 
descending thoracic aorta B ith this apical aortic anastomosis and proximal occlusion of 
the thoracic aorta, the dogs liied for a maximum of six weeks, but the ball valic wore 
out at that time A new ball lalie was designed and, of course, has much better wearing 
qualities Using this apical aortic anastomosis, it is now possible to diiert the entire 
cardiac output except the coronan circulation through this extracardiac shunt These 
studies have been done bv Dr Sfanlei J Sarnoff and mi self, and will be published 
shortli 

The shunt from the right lentricle to the distal pulmonari nrtcri and the apical 
aortic anastomosis haie releiance to the problems of congenital cardiac cianosis and 
aortic lah-ular disease Since one can proiidc an aienue of egress from the blocked 
cardiac chamber, it is possible to correct the surgical defect definitiieh without the direct 
approach on the lahes to which mam cases are refractori 
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Table I 


BLOOD ^ALCES IN L.\TTER D\RT OF CA^AL OCCLUSION 


DOG 

NO 1 

1 

HEM VTOCRIT 

1 (PER CENT) 

arterial 

BLOOD 
pH 1 

VENOUS 
OXYGEN 
SATUR-VTION 
(PER CENT) 

\RTERIAL 

OXYGEN 

S VTURATION 
(PER CENT) 1 

HEMOLYSIS 

MO HB 

PFR 100 C C 
PLASM\ 1 

TIME 

eWAE 

OCCLUDED 
(MIN ) 

0 558 

37 

7 47 

71 7 

99 8 

49 

34 

0 Sod 

33 

7 30 

68 4 

1018 

806 

29 

0 560 

43 5 

7 35 

70S 

07 0 

189 

2S 

0 501 

33 

7 40 

72 4 

102 6 

35 

25 

0 502 

34 5 

7 45 

81 7 

106 0 

49 

37 

0 503 

39 

7 42 

SOS 

102 6 

51 

2t) 

0 564 

37 

7 24 

061 

94 2 

47 

26 

0 565 

35 

7 37 

77 1 

102 4 


32 

0 566 

44 

7 31 

74 2 

95 5 

no ' 

66 

0 567 

33 

7 41 

63 2 

104 5 

42 

29 

0 56S 

46 

7 22 

38 6 

96 2 

79 

44 

0 560 

35 

7 46 

70 8 

1041 

57 

24 

0 570 

30 

7 27 

84 7 

103 0 

85 

29 

0 574 

45 

_ 

78 4 

103 5 

ISO 

TO 

0 577 

39 

7 34 

67 4 

101 0 

50 

33 

0 583 

39 

7 29 

76 3 

95 5 

143 

51 

0 5S7 

40 

7 40 

62 0 

961 

85 

42 

0 588 

37 

7 30 

63 4 

96 0 

73 

74 

0 590 

44 

7 18 

681 

89 1 

93 

53 

0 593 

45 

7 41 

591 

104 0 

110 

53 

Average 

38 

7 35 

69 7 

90 8 


38 


m 3 CCtions of Pcntotlinl ivore gnea as required to maintain a light plane of anesthesia 
■Vn endotracheal tulie mth an inflatable cuff was placed within the trachea and connected 
to n laboraton t\pc positive aud negntue pressure respirator A foreleg vein was can 
nulntcd for the introduction of intravenous fluids and drugs 

The right pleural caNutv was entered through the periosteal bed of the resected 
fourth or fifth nb The superior and inferior \enae ca\ae and the \eLa nzNgos major 
were isolated in preparation for cannuintion Heparin, 2 0 mg per kg of bod\ weight, 
was then injected lutrai enoush Both femoral arteries were cannulated ccntnpctallN 
One of these caiinulac led to n mer^urv manometer where the arterial blood pressure 
could bo obseried, the other nas emploied for the return of oxgenated blood from the 
extracorporeal apparatus Curied poheflnlcne or stainless steel canmilao were attached 
to the two blood filled tubes leading to the apparatus One cannula was inserted in a 
ccphalnd direction into the superior icna cava through the azi gos lein The pencnrdiura 
nns opened and the other cannula uas passed info the infcnor vena cnia through the tip 
of the right auricular appendage Removal of the clamps occluding the tubes lending 
from the cnnnulao permitted a portion of the lenous return to flow to the extracorporeal 
apparatus where it was oxigenated and lelumcd to the dog’s femoral nrten Ligature' 
placed about the venae cavac nero then tied doiin on the contained cannulae thus dncrting 
the entire svstcmic lenous return through the apparatus 

The pericardium, which was partialh adherent as a result of the curlmr operation, 
wac dissected off the heart and the apex was delicercd A stall wound into the niio 
cnrdium was made immcdinteh posterior to the apex and the 5 mm (OP) Tegon 'ent 
tube was introduced into the left icntnciilar oni itv through this incision 

A 4 to o cm inci'ion was made betwein «ta\ sutures in the right 'cnlncli It mi' 
made parallel to and within 15 mni of the anterior descending branch of the left con 

iiarc nrteia and it wa« earned up close to the pulmonnn lahe Transected coronan 

ctcccls were ligated Cardiac i cnous blood was aspirated from the open chamber an 
returned to the apparatus The defect was casualized and its size was either mtnsurc' 

with calipers in two axes or estimated The defects were rimmed with a thin 

fibrous tissue which held sutures snti'factonlv Closure of the defect was accomp i" c 
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In Dog 588 the defect was immediately under the pulmonar^ ^alve A 
fibrous nm uas lacking and many sutures pulled thiough the septal mjo 
caidium befoie a satisfactory closme could be accomplished by anehoimg the 
sutures rather far from the nm The dog died two hours latei as a lesult of 
the infundibular pulmonic stenosis thus produced 

Three dogs died on the first postoperatii e day Dog 558 had leceived a 
blood transfusion during the creation of the defect thiity-eight davs eaiber 
This transfusion was held lesponsible foi the considerable hemolysis in this 
case (Table I) Post-moitem examination levealed pulmonaiy edema Dog 
574 was m extremely critical condition at the tune of opeiation as has been 
noted above Death uas due to cardiac failuie Death in Dog 593 resulted 
from atelectasis of the entiie left lung Enoimous gastiic distention vas also 
present in this animal Dog 5G1 died fioni hemothoiax 36 hours postoper 
atiseh Post-mortem cxammation ui Dog 567 did not disclose a cause of 
death Dog 590 died of empj^ema fii e days after opei ation 

The lemainuig 12 animals weic sacrificed from one week to six months 
after operation The hearts were examined ivith particulai attention being 
paid to the site of the sutured defect and the light and left lentncular in 
eisions 

THE DEFECT 

The closuie was complete in 9 of the 12 saenficed dogs and 5 of the 8 
fatal cases, in one animal only a 1 by 1 mm pinhole remained In four an 
imals defects smallet tlian 12 sq mm were present at autopsy and in Dog 574 
a 6 by 6 mm defect was found at examination on the first postoperatn e daj 
The maigins of the defect had been appioxmiated with thiee iiiteiiupted cot 
ton sutures and the pronounced thrill picsent before repaii uas no longei 
discernible follomng closuie At autopsj, nevertheless, a 6 mm probe could 
be passed through the sutured defect without disturbing the sutures Probabh 
fibrosis would have partiallv closed this defect had the dog survived The 
right ventricular aspect of the sutuicd defects was represented bv a smoothlv 
endothelialized fibrotic area appioximating 1 cm in diameter in the sacrificed 
dogs with three exceptions The heait of Dog 577, saenfieed one week after 
operation, exhibited multiple fiiablc vegetations in this aiea, and in two other 
animals thiombi w'ere found In one a fiim thrombus had foimed about re 
dundant sutuic matenal, but in the othci the thiombus was pedunculated and 
certainly a potential pulnionarj embohis 

The subvalvular ventiicular septum in the canine heart approximates 2 
cm in thickness The left ventricular aspect of the closed defect was there 
fore represented by a dimple the depth of which varied with the degiee of 
fibrosis and the depth to which the closing sutures penetrated the septum 
In all cases this aiea vias smoothlv endothelialized Gioss and microscopic 
V lew s of a sutured defect ai e showu in Fig 1 

TUF RIGHT VFNTRICUI OTOVIV 

Closure of this incision was satisfaetoiv from both the hemostatic and 
the healing standpoint In none of the fatal cases did bleeding occui through 
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on ^\liethei the ^eI^t tube had penetiated duectlj into the left lentnculnr 
canti 01 uhethei it had tunneled up the anteiioi papillaiy muscle en loutc 
The Inttei couise iias apt to be folloued iihen the incision uas placed on the 
anteiioi aspect of the caidiac apex the papillaiy muscle being aioided yhen 
the ^ent tube uas inseited just posteiioi to the apex tVhen the papillan 
muscle had been penetiated, neciosis deieloped along the tube’s tiact in tiio 
cases The eudocaidium yas smooth beneath the apical incision yith one 
exception In Dog 562 a ball thiombus was piecaiiously adheieiit to the scar 

SUMMAR\ 

In tueiiti dogs, pienoush pioduced niteiientiiculai septal defects I'ci-c 
closed undei diiect nsion using an extiacoipoieal pump oxi geiiatoi Thei'c 
ueie eight opeiatne deaths Details of the defect closnie and the healing of 
the caidiac incisions weie discussed 
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and on the left in six The ligations iveie done extiapeiicaidiallv Theic 
were usually three veins to be ligated on the left side and fi om thi ee to fii e 
leiiis on the light side All animals leeeived both iienieillin (200 000 units) 
and streptomycin (0 5 Gm ) lij the intiamuscular loute foi fiie dais post 
operatively 

Bronchospiiometiy ivas peifoimed ovei fii e minute inteiials ivitli the 
ammal anesthetized inth alpha-ehloiaJose in doses of 75 to 100 mg pei kilo 
giam This mateiial provides a light but long-lasting anesthesia with miiuninl 
desatmation of the svstemie aitenal blood (Table I) The modified van Allen 


Table I Results of Gas An \lises of Biaiod From 1 arioi s Vessei s in Dogs 1\ itii 

Ligated Pulmon^vri Veins 


DOG 

NO 

^VT 
(KO ) 

MONTHS 

rosTOP 

Qi 

CAPAClTT 

(ART 

BLOOD) 

\Oh.% 

1 0, content, VOL %, % SAT 

(IN PARENTHESES) 

FEM 

ART 

SUP 1 

CA\A ! 

INT 

CAVA 

PUL 

ART 

YEN \ 
AZ\COS 

V3 

19 1 

3 

21 09 

19 33 


14 17 

15 54 

1710 





(93 5) 


(68 8) 

(75 4) 

(82 9) 

V4 

17 

5 

19 83 


13 86 



14 28 






(715) 



(73 5) 

V6 

15 4 

4 

13 90 

13 30 

10 84 

10 61 

11 28 

13 23 





(97 3) 

(801) 

(78 4) 

(83 4) 

(96 9) 

A 7 

14 5 

3 

18 57 

17 71 

12 41 


14 93 

1812 





(95 4) 

(66 8) 


(80 4) 

(97 6) 

V8 

12 7 

5 

21 91 

20 71 


18 52 

18 30 

19 43 





(95 C) 


(85 7) 

(84 7) 

(89 9) 

V9 

10 0 

5 

18 78 

17 04 


13 68 

12 57 

15 18 





(92 5) 


(74 6) 

(68 5) 

(82 7) 

VIO 

17 7 

5 

20 42 

12 59 

9 30 

10 24 


10 09 





(62 9) 

(46 5) 

(51 2) 


(50 6) 

Vll 

Control 

18 07 

16 29 



11 02 

12 in 





(919) 



(62 5) 

(69 1) 

V12 

Control 

17 29 

15 75 



11 82 

1140 





(92 9) 



(70 1) 

(07 6) 


cannula that vas employed foi bionchospiiometry has been desciibed else 
iiheie” The oxygen uptake of eacli lung was measuied intli a McKesson 
double closed-circuit recoiding spnomctci Changes in midposition of the 
chest mai aftect the absolute \alucs of mcasniements b\ the closed circuit 
method, but vould not influence the paitition of lentilation and of oMgen up 
take betveen the ti\o lungs The legulai stiaight base line of the broncho 
spirogiams assuies that no significant shift of the mediastinum oeems during 
the measurements 

Catheterization of the leiiae came and azygos veins, light heart, and pul 
monarv arteiies was performed under fluoioscopic control, and the positions 
of the cathetei’s ivcie recorded on film iihen theie vas uncei-lainti Pressures 
Mere recorded electiomanometnealh and blood iias mthdiaiin foi analisis 
Mith the eathetei tip in appioprnte positions Blood gas analyses veie per 
formed in duplicate Mith the mn Slcke apparatus according to standard meth¬ 
ods No difficulty Mas cncounteied m catheterizing the azigos vein It Mas 
mereh necessary to direct the bent tip of the catheter posteriorly and to the 
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‘'effective’ flov, fioui pieiioiis expeiience inth the present piocednre of 
bionchospiioinetiV, vould stand on the aieiage at 55 pei cent for the light 
bide, and 45 pei cent foi the left Theie aie consideiable denations from this 
aieiage in the noinial dog nhieh aie related to the mobility of the medias 
tmuni^= Aftei thoiacotomv, nioieovei, mechanical entiapment of the lung 
might also inteifeie mth both lentilatory and eiiculaton’’ function Neier 
theless the stated aieiages aie the most useful aiailable data foi piesent 
purposes On this basis the pei cent of expected “effectne” flov for the op 
eiated side is easilj calculated fiom the bronchospiiometnealh detei mined 
0 X 1 gen abscnption of the tivo lungs in Dogs T9 and TIO nheie ligation of the 
1 enoiis diainage has pioi ed to be complete (Table II) 

The estimate is moie difficult foi dogs iiheie the ligation had lieen incom¬ 
plete Foi this puipose the percentage (Z) of puhuonai'v paicnclnma of 
nliich the normal diaiuage had not been interiiipted nas estimated bi inspec¬ 
tion of the casts The estimate was a geneions one in older that falseh high 
1 allies foi collateial flovs might not he obtained The \olume of oxigen, the 
absoiption of nhich was accounted foi bv lung tissue that had escaped liga 
tiue on the opeiated side, was calculated hr apphing the percentage Z to the 
“expected” oxygen uptake foi that side This figuie was then subtracted 
fiom the obseiied uptake foi that side to vield the oxAgen absoibed In the 
collateial ciicnlation and the lattei could then be calculated as a peieentage of 
the “expected” flow, as deseiibed in the pieceding paiagiaph Fiom the 
dita summanred in the last column of Table II, “the cffectne collateial flow ” 
aftei an iiiteiA al of thiee to Aa e months tends to lange betw een approximateh 
eight and 20 pei cent of that expected were the lenous diainage intact with 
one questionable value (Dog VIO) as high as 61 7 pei cent 

The data were sufficientlv complete for the calculation of effective blood 
flow on the side of a complete pulmonan i enoiis ligation in onh one dog of 
the piesent senes, T9 Foi the calculation the Fick formula was modified 
In using the obseiied oxigeii capacity, lathei than oxygen content of thesis 
temie aiteiial blood In this dog the cffectne flows thiough the noimal and 
ligateil lung amounted to 12SS and 129 ml per minute, lespeetnch 

It IS obnous that the put of the light caidiac output passing through the 
segnients of the lung in which lenous outflow was ligated is retuined to the 
light heart and that onh the blood passing through the normal lung is di 
lecth fumed o\er to the left heart and to the sistemie aiteiial circulation 
Another calculation can be used to estimate the collateial ciiciilation that 
di mils till ough the azi gos a ein The blood in the pulmonary artera maa be 
icgaidcd as a mixture of the azagos blood and of the a enoiis blood of the 
bastemic circulation In Dog T6 the data pei nut that an aiithmetic mean be 
t iken of the oxagen content of the blood iii the infeiior aena caaa (1061 
aohimes per cent) and of that in the supcnoi aena cava aboae the azagos 
(10 84 aohimes pei cent) This mean oxagen content of 10 73 aolnmes per 
cent IS considered as icpreseiiling that of the total mixed venous blood ex- 
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■\Ve, theiefoie, undeitook studies in the hope of claiifying some aspects ot 
the pioblem 

1 TTln has tlie puiely local pioceduie of esophagocaidiomyotomr been 
so effectne in a disease inyolying the entiie esophagus? 

2 "Wliy ha^ e there been feiyei complications ? 

3 What infoimation can ye add to the contioi ersial question of etiology" 

This lepoit IS conceiued mth esophageal motility studies on patients hay 

iiig achalasia on nliom esoiihagoeaidioinyotomy nns peifoimed In addition, 
special fluoioscopic obsenations liaie been made Fifteen patients haring 
aclinlasin ha\e been studied We ha^e also studied niotilW patteins in three 
patients mth noimal esophagi and in thiee patients haiiiig caicinoma of the 
louci esophagus 

METHODS 

Studies ueie made both pieopeiatnely and at lamng intonals up to tuo 
leais postopeiatii eh With the patient in tlie fasting state a tuple lumen, 
triple ballooned tube (Fig 1) is passed into the stomach uiidei fluoioscopic 



guidance Obiioiish in a iiumbei of the pieopeiatne studies this has been 
at times leii difficult Abiiost iniarinbh, houeiei, successful passage of the 
tube could be accomplished In the administiatioii of Seidlit/ powders once 
the tip of the tube had been in position in the lou cimost poition of the csoph 
agus Actinlh it Ins been oui experience that if the obstructed aiea on the 
region of the esophagogastric pinction eannot be tiaicrsed In the tube uith 
the adcbtion of Seidlitr pou dors then it is highh probable that the obstruction 
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HESIH.TS 

Fig 2 shoA\s the esophageal contiactions of the uounal esophagus foi com 
paiason Note the ihj'tlimjc contiactions, the amplitude and Iiequencr of con 
tiactions, and the lesting tone The piessuie plateau of the smuietiical un^c 
attains a peak picssuie of 80 to 100 mm Ilg Appioximatelj 10 minutes fol 
lounng the subcutaneous administiation of 5 mg of Uieehonne, the fiequenei 


A S, 9 37 yrs 

Symptoms of achalasia for 9 yrs 
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F!s 3 —nsoplmgcal motility pattern In a 37-} car old troman vrith symptoms of achalasia 
for 9 lears Trncinp apecrl and pressure mnee j-nme as In Plj? 1 Note the lack of rlntlini 
the decreased amplitude and froauency of phasic contractions and the tnrlablo tone In the 
control traclnET Upper balloon Inflated tvlth 70 c.c air and esophagogastric Junction balloon 
Inflated with 30 c.c of air The second block was taken ten minutes after Urechollno (E mg 
subtutaneoush ) and the third block flftcen minutes after 0 C mg atropine sulfate 
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Up 4 —I Qophnpcal motint> pattern in a 40 jcarold x\oman wIUi armptoms of nclmlasla 
for nine tcar^ Nolo that tlio pliualc contractions are markoOlt dccrcn^^efl In /impliluilc and 
lotnilj unrhj'thnilrnl 

md ,im])htiulc ol conli ictioim iiiiikidh iiuuascd as iiiiglit lie .iiilitijiatpd 
This efLcct ttas dissipated in aioiind 10 to 20 iniiiiilcs .IppioMiiintelt 20 mm 
Hies InllotMiig tlie idiumistintioii of 0 fi mg atiojiiuc sulfate tlie contiactions 
became mnikedlt diminished oi ceastd ciitiuh ioi a pciiod of mound 10 to 
13 niiniitos, at ttliich time the olTect of the atropine uns apparently dissipated 
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3 The resting tone of the dilated esophagus was usually appro\imateh 
the same, oi higher, than in noimal tracings It should be here mentioned, 
houeiei, that in the patients uuth achalasia, greater inflation of the balloon 
as compaied to the noimal uas inrariablr lequiicd before any phasic con 
ti actions at all could be obtained In the patients inth indely dilated esophagi, 
it nas sometimes necessaiy to distend the upper balloon mth as mueh as 150 to 
200 c c of air befoie any contractions were noted 

4 An inciease in the lesting tone was fiequentlj, though not imanablv, 
lecoided m the tiacing fiom the balloon at the esophagogastiie junction area 
01 vestibule ® Fig 5 shovs a sti iking example of this response 

5 The response to Uieeholine and atiopme in the patient mth caidio 
spasm has been in the same diieetion as in the noimal With Uieeholine, the 
amplitude and fiequeney of coiiti actions inci eased, although neiei to the same 
magnitude as seen in the noimal esophagus 

6 Theie is no relationship of propoitionahty betiieen length of time of 
existence of the condition and degiee of motoi abnoimality Fig 6 shows the 
tracings on a 20yeai-old white man upon whom an esophagocaidiomiotonn 
had been peifoimed elsewheie* approximately one yeai before studj Tins 
patient’s symptoms weie of onij one year’s duiation prior to operation 
wheieas the last majority of the patients studied had snnptoms anywheie 
fiom 5 to 30 yeais The most marked decrease of tone, and frequency and 
amplitude of phasic contractions of any patient studied was obtained 

7 Studies taken fiom 4 months to 2 veais postoperatively have revealed 
no change of the oiiginal alteied motibty pattein Caieful analysis of the pre 
and postoperative tiacings showed little or no difference In several of the 
postopeiatiie tracings, the amplitude of contiactions was slightli increased 
but this finding was not consistent and varied with the amounts of air em¬ 
ployed to inflate the balloons 

8 Fluoioscopic study at the time of barium swallow has demonstrated the 
piesence of regurgitation fiom the stomach into the esophagus in 50 pei cent 
of the patients postopeiatn eh Usually this has been a very rapid and free 
leguigitation wnth the patient in the Tiendelenbuig position (Fig 7) 

DISCUSSION' 

As stated, our results cleaih demonstiate the supenoiity of csophago 
cardiomj otomv over pieiioush used surgical pioceduies in that segment of 
patients mth cardiospasm who aie candidates for suigeri It is equallj ap 
paient howeiei, that complications of a seieie natuic continue to occur post¬ 
opeiatn elv, thus indicating that this pioccduie is In no means the final answei 
to the pioblem As stated the maiinei m which esophagocaidiomiotomy cx- 
cits its beneficial effect is not entiieh cleai In oui own studies and those of 
others' “ it has been cleirli dcmonstiated that the motiliti pattern of the eii 
tiie esophagus is distiiibed in achalasia To be sure, the more seiere changes 
no usinlli piesent in the lower esophagus but it is a function of degiee 
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t]iat tlic lefiacton peiiocl of the smooth muscle of the fivgs loctiiiii is leduccil 
fiom seconds to milliseconds nlien fxeed fiom its associated ganglion cells 
Reduction of lefiactoiy peiiod yould facilitate the development of the circus 
movement of evcitaton impulses intJi lesnltuig tetanic contiaetion and funo 
tional obstruction “ The esophagocardiomvotomj intli its lesiiltmg scar 
might thus act as a baiiiei to ciicus movement This h 3 pothesis might ht 
applicable to those cases of achalasia in which Aueibach's plexus is absent, 
but, coiitiaiv to geiieial opimond- the plexus is not mvaiiabh absent On 
the othei hand, houevci, ulule Aueibach’s plexus may be present microscopi 
Ciilh it may not be u oiking as a noimally functioning unit and it may be that 
the aboie-stated Injiothesis may eren be acting m this gioup Endence foi 


ACHALASIA 

LS. 61 yrs. w ? 
lyr postoperahva 



Up —risoplnipenl niotiIit\ pattern of a 61-jcar-old TrJiJte noznan \^ho had an C50ph 
'ipocir(Uom>otomj for achilasla on» jear prior to Atudx Note the alteration of the pattern 
toward normal following the oral administration of 30 cc. of 2 per cent procaino hydrochloride 
Tills effect was olmo*:t JninieJinte and lasted for approTJmatelv 20 minutes 

altciation of the functioning uitimsic nei\ons methanism of the esophagus 
m patients uitli achilisia was aftoided b's oin own stiicbes utilizing oral pro 
came It uas siiouii tliat aftei suallouing 30 c c of 2 pei cent procaine solu¬ 
tion the esophageal eontioctious in three postopeiatne patients changed fioni 
the usual abiiornnl pattern (chai ictciizcd bi decicased amplitude, decieased 
ficqueiici, and total lack oi ilnUlim of contiactions) to an essentialh noininl 
motiJiti pattern (clniacteiizcd In gioitoi amplitude gieitci fiequcncv, and 
rln tliniical contiactions) (Iig b ) 

Since It IS knoun that piMcamc mac he ihsoibcd localh fiom a mucosal 
suiiaco It may he that it has imctnateil the alteied uitimsic ncnial mceh 
inism and the i igns is then able to excit its noun il cfloit 

bleisiiigci Stcinbiig, iml ,Vlm\'' lia\e also jiostulatcd that the intrmsu 
nciiial mechanism mac not be totally lacking but rather that it is disoiganized 
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13 Cross, F S Pathologic Changes in Megnesophagus (Esophageal stoma), Surgerv 

31 6J7, 1952 

14 Hiplei, H B, Olsen, A and Kirhlin, T Esophngitii After Eoophagogactric 

Anastomosis Surgen S2 1, 1952 

DISCUSSION 

1)E B E TABEB, Iona Citi, Iowa—should like to comment on the paper hi Dr 
Ivemir regarding esophageal motilitr, and tell of utilizing a similar method of examination 

Me haie attained different results and I thought thei might he of interest to \ou 
This 13 a preoperative slide, here are three balloons recording at the upper third, middle, 
and loner thirds just aboie the cardiac sphincter Here are the results and return of 
motilitx so far as we can tell to a normal pattern some 15 months folloning cnrdioeso 
phagenl mvotomj 

Here is a summary of three more patients with farndinnced cardiospasm These are 
the preoperatixe tracings and this is the postoperatn e stiidj earned on at \aning inter 
lals betneen three months and one lear following operation I think i ou can see that 
there is a return to near normal motility in these patients who beforehand demonstrated 
long periods without am contractions 

Me beliexe the causatiie factors he in the cardiac sphincter mechanism, rather than 
in the esophageal mi enteric plexus changes nhich arc more hkeh secondary to chronic 
obstruction and stasis 

DR ORVILLE F GRIMES, San Francisco, Calif—A little oier a icar ngo a studi 
lias undertaken bi Dr Stephens and misclf in an effort to determine the comparntive mines 
of the larious surgical procedures for achalasia of the esophagus performed at the Fni 
lersiti of California Hospital 

Until 1048 the procedures used nere those whereby some tipe of plastic repair was 
ncconiplished on the cardioesophageal junction In 2C patients, an anastomosis nas e«tah 
lislied between the lower end of the esophagus and the cardiac portion of the stomnch, pat 
terned after the Finnci piloroplasti A Mikulicz procedure was accomplished on four 
other patients, and a manual dilatation was performed in one 

Since 1948 all patients who hayc required operation for intractable achalasia of the 
esophagus haxe roceiyed the «o called oxtramucous cnrdiocsophogomi otonn The incision 
has been earned from the le\el of the inferior pulmonari ^eln well down onto the antenor 
surface of the cardia of the stomach and in most iiist inces the diaphragm has been oiiened 

A studs of the operntue results obtained from the so called enterostomj procedures 
the patients liaMng been followed for a considerable time, shows that well oxer 50 per 
cent of the patients had either fair or poor results Bx comparison, the Heller procedure 
performed in elexen patients, produced results that xxcre uniformlx good or excellent 

It IS of interest to note that a considerable number of patients in the entcrostoinx 
group dex eloped postoperatn c esophagitis This complication did not occur in those receix 
ing the Heller procedure 

It IS our impression that the good results of the extmmueous tnrdiae«oplingomxotonix 
art due not onlx to the increase produced in the cross sectional diameter of the esophagus 
in Its narrowed portion, but also to the preserxation of the cardioesophageal angle 

DR I D VRLN' PUPPEL, Columbus, Ohio—Me recorded the first successful esophageal 
motihtx studx, xyhich xve did in 1947 * “^iince 1947 xxe haxe inxestigated thirteen cn«c« of 
idiopathic mcgacsophagus, 11 cn'es both preoperatixclx and after singlx and widely cut 
ting across the «o called cardiac sphincter bx “I” esophagogastrostomx or bx cardio 
luxotomx Me haxe u»cd the single or the multiple balloon technique concomitantlj as 
described bx Dr Ixcmir, and which I presented before this jVssocintion in a discussion of 
Dr Knx s paper in I'lJI 1 Much of our data 1ms nircadx Iieen confirmed bx Kramer and 
Inglcfinger 

•J Tiiorn'cif* Nero 2 X 13 1953 

tJ TiioUACic Sere 2^ 13 1953 
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fi 1 illoA , n.tlioli' (In hn\i tlmr «liortcoiniuE:= }ir=t, the' do not record the 
n' [ n i! 1 ' >n ni. c K-ophnni.' lo<ilized . ontrte,ure= of the e-'ophnpu*. mnv 

ir'iltni ni'-h in multiple nrin' at \urioii' le'cl- of the c'ophaciio Second, the 

, , , 1(1 .in not nenrd th< force of decliititinn Third, th. Inlloon method^ do not 

, 1 |I I ipliii;;. nl n-pinlion' nnd piil-ation** \S e hnd to U'e the flnnrn-.copic tech 
,.,J , I .rimulnrh in tin n] ii Jit ind Tr. ndiUiihuts {in-ilion'< to dctermnie the 't-ite or 

I „ \\, 1. 1 , rnun. d thi for. > of d. Jutition li' oleu n in„ the amount of pull on the 

i \tl n till, ntt.elo d to till intlutid Imlloon' which octfd o' holi of food W t differen 
1 It ' . 'il'ii.-'d r' pintion- nnd luil'ntion-* from the iiitrin'ic motilit' b' iming the 
1 r. ,tl 1 ‘ Mil ’ t( ehnn|U. nnd r. < nrdinj: the ndinl puKe frc jucntlv In achnla'in there w ns 
, ,, r , 1 \fluntttr\ m ('1 to 'vrnllow o\ir noniial mil cuih ton'ciou' 'wallow wn' 
t nr. I 1 ' 1 ll< limo^raiih In thi pntunt pr. "int n 'i^nal mn!,ni,t The balloon method'- 
I iM 111 Ihi ir \x> itiM \nlui lii't a« a iio'iti'e tuberculo'i-: ^putum culture increase' the 
,1 ,1 , , ite in r.uiwin„ rh<'-t ro. ntj,. noKrim- nnd "> '.'e the formirU un e. n eu\U\ 'o 
(,(u\ ti !i lii\, in. r. 0-1 d our lU'-iRlit a- to tin nbnorm ilitm^ \\i 'i e at fluoro'i (i|i' 

1 . u r' I line ' ophaRoRram' 


Id o] alhie I (Rtii opliai,ii' line' not a. t like the atropinired c-oplneus of normal 
( .[ ’ li I .nriot b. '■timitlnti d to norrinl peri-tnl-'i' nnd normal dcRlutition b' ndmini' 
ir-'i(ii if I r.eli.iutii O' wi imint.d out in lo'ij I'ni^-- likt 1 reeholine mne often stiuiu 
t t. M iiier.ii 1 niotilit' and mu' tliti- b. of diiiRno tic aid to th( fliioro-cojii't becau'e 
tl. I lilt' 111 ! n inun' nneourdinnted and noniieri-tnllic in nature I'^ualU b,reeholine 
'u uu ration I< il to littb or no men u'-i in .Uclutition 


I! (I rvatiori'- of I'r N.mir and our-dve' do n"ree with each other In onr cx 
1 1 > tl ' til di turlmnee« of the e-.o|ihat.( al niotilil' eonlinue after cutting the «o 

1 !' 1 . ir b .e '[liurt.r nnu inbU Of onr 11 pilieiit' the patient ob'eraeil longi't 
t >1 tl M nlmn in V'ti, 'in «till '■how' the I'pical e-ojilin^oal motilitt di'tnrhnnec' of 

1 111 I atl i' 1 „i i| 1 iRu la spite of excilbnt ilinied atm liorntion of '■''niiitoni' Of 

'It it 1 n ' ! 1 mpl ii trii,id' to h im lUn -• jiione. r ob i r' ilion' ijUi tionial I hi\i 

’ I It ' I *iir tl I lint .Inn <iiu eiuihrmi- mother ' ob-i ra itioiw ic niui h as Hr Xi niir 

' hr Maw i! iiTiii iirti r<inlirnii I mini it i« alwa" a 'ourei of gri at 'ati'fni.liOn The\ 

1 I N (wi.r. Ill 1 f, r tli.ir tun t ork In V'ldt wi 'iii,„. l.d tint the pro'i at mod « 
' " '' 't " 1 1 lirih r lini ihi abniirm il pli''ioln^\ and that otliir tnittir eonei pt- will 

’ ' ' ' ' i-lt hr N, nir nnd lU llnwthoriu an doiiu Jii't that in their 'tudu = of 

’ " inthe, iphauu- Mot. 't mil. - in 'iich direct lOii- should b. done 

1 '1 ’ tl'" l*r pal.ir m n.it r. rotdiii,. ini ri as. .1 mtrin'iL I'Ojiba^ial 

' ' '< ' '"' 1 ' I lit 1- rath, r r.ror.lin^ ri'piratnr' mo'.uients difT.r.nth W. 

" 't'*'tpn tation wh n w. fir t b. j, ir our .'opha„. i1 motiliti work 
' , ‘ "'"d I', irlrin I m.. ilit' irn „til ir uneoorJinat.d li\i«in >pi.ii'i'« 

'■"’O orl at fun.- I'.n ab . nt both prcop. rat i\i h anil po't 
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It I . 

h 

\ t' 
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{ 


' - ” " '>’1. urin 1 u 1 ti, ,t the eri, i.j 1 arm^. n sphine 

'I't nt 1 . Ill i, .a-i Tins 1 ' f..nunnt, fo- 
^ ' 1 .[ me., 11 ( 11 , 1,1 , ir hue pbmet. r 1 "is)i to 
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wo (3o a cardiom'( otomy in the presence of hvperchlorhydna or eucMorh-\ dria and an 
esophagogastrostomj' if there exists an associated hi pochlorhi dna or nchlorhvdna A 
Lcmu tube can ea^ih be passed into the stomach to collect gastnc juices, pronded the 
upright patient inhales ami 1 mtnte at the time a new stiff tube is passed under fluoro 
scopic guidance 

DR PAUL NEJIIR, Jr (Closing) —I wish to thank the discussants for their com 
ineiits Dr Taber’s results nith Urccholiuo arc interesting We hnie studied more than 
iiftcen jiatients both preoperatneh and up to two icnrs postoperatn civ, and in no case 
haic no demonstrated am appreciable increase in the tone of the esophagus or am in 
crease in its contractile abihti following operation Esophageal niotiliti and contractiliti 
postoperatn elv, follomng Erecholino administration, nas essentialli no different from 
that obtained preoperatneh Fluoroscopicalh, the continued loss of tone has also been 
noted, although, in all cases postoperatn eh, esophageal emptying has been markedly im 
prmed In seitral cases the size of the esophagus was decreased following operation, but 
in none did the motditi pattern assume a normal configuration Our results with esophago 
curdionn otonn and with the other procedures hai e paralleled the results nhich Dr Grinie- 
has shown Eight! sis per cent of the patients upon whom ne operated ha\e been rebeled 
of their SI inptonis of achalasia and are, without exception, able to take a full diet Sub«e 
qiicnt dilatations liave been required in no case 

I nant to thank Dr Puppel for his comments I hasten to add that his original 
studies in this field of iniestigation served in a large part as the stimulus for our work 
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WO do a cardiomiotomj in the presence of hjporchlorlndna or cuclilorlijdna and an 
esophagogastrostomy if there exists an associated hi pochlorhj dria or achlorhi drm A 
Lei in tube can easili be passed into the stomach to collect gastric juices, proiided the 
upright patient inhales amil nitrite at the time a nen still tube is passed under lluoro 
scopic guidance 

UR PAUL NEMIR, Tr (Closing)—I iiish to thank the discussants for their coni 
incuts Ur Taber’s results iiitli Urcclioliiie are interesting Me haio studied more fimn 
fifteen patients both preoperatiicli and up to two 3 ears postoperatiieli, and in no case 
liaie lie demonstrated am appreciable increase in the tone of the esophagus or am in 
crease in its contractile abiliti following operation I sophagoal niotiliti and contractiliti 
pobtoperatii ell, following Urecholine administration, nas csscntialli no dillcrent from 
that obtained preoperatii elj Fluoroscopicnlli, the continued loss of tone has also been 
noted, although, in all cases postoperatiiclj, esophageal cmptiing has been niarkcdh ini 
proied In scicral cases the sire of the esophagus 11 ns decreased folloinng operation, but 
111 none did the niotilitj pattern assume a normal configuration Our results iiitli esophago 
tardiomi otoini and iiith the other procedures haie paralleled the results nliich Ur Grimes 
has shonn Eighti si\ per cent of the patients upon nliom no operated liaie been relieied 
of their siiiiptoms of nclinlnsia and are, iiitliout exception, able to take a full diet Subse 
(jiient dilatations lime been required in no case 

I nant to thank Ur Puppol for Ins comments I hasten to ndd that Ins original 
sliidies in this field of ini estigation seried in a large part ns the stimulus for our work 
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A mong the mpoi-tant piohlems associated Mith opeiations upon the heait 
and great vessels aie disoidei’s of caidiac i ate and rhvthm Two common 
causes of these disUirhances aie suigical manipulation of the heait and the 
diiect effect of anesthetic pioeednies Many of these aiihithmias aie of clini¬ 
cal concern because of the possibihty of piodiiciug ventiacnlar tathvcaidia and 
m turn fatal ventiicidai fihvdlation Another important nnfavoiable possi¬ 
bility associated with these changes in ihythm is the alteiation in peifiision 
piessiiie of vital organs, including the heart itself This occuis if the eential 
arterial piessiiie is ieduced because of a fall in caidiac output lesiilting fioni 
an abnormal rate oi rhythm, making caidiac filling oi emptying inefficient 
Attempts to resolie the leal and potential danger of serious anhythniias 
duttng the mampulations on the heart and siiiioiinding stiiictiiies have taken 
til 0 forms One has been an effort to depress bui-sts of y entiiculai airhytbmia 
by systemic use of drugs which depress the conducting tissue of the heait 
Possibly the most populai of these efforts to contiol niihythmias m man nas 
the use of procaine oi its derivative piocaiue amide intiaienoush The effi 
cacv of procaine lu the control of aiihy thmias associated v ith anesthesia aud 
with surgical manipulations including those upon the heart uas reported by 
Bmstein and his associates m a senes of communications beginning lu 1940 ^ ^ 
Howeiei, the usefulness of systemic procaine uas limited by its shoit duia- 
tion of action the need foi geneial anesthesia to avoid convulsions, aud le- 
stuction to the intiaienons lonte To siirnionnt these difficulties, pioeame 
anude uas dci eloped and studied by Maik'* and Joseph' aud then co-iioikeis 
The Inttei gioup demonstrated efficient piotection against anhythuuas in a 
lanetr of thoracic siugieal procedures with the use of procaine amide oialh 
and intravenously 

The other and eailiei effoit at pieventiou and contiol of aiihvthnuas re¬ 
sulting fioni manipulations upon the heart and gieat vessels consisted of the 
diicct application of piocaine as a local anesthetic agent to the piojected area 
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of stiuuilation As desciibed In' Maiitz“ and Beck," 5 or 10 pet cent piocame 
hjdroehlonde ^^as nsed bj” appbeation of sponges satuiated with piocaiue to 
the epicaldium It was suggested by Mautz" that the ding was absoibed 
through the epieardium and depressed uutabihty in the underlying myo 
caidium Reports weie satisfactory inth respect to the subsequent eontiol of 
iiregulanties of rhythm Apparently, no difficulties due to sjstemic absoip 
tion weie encountered Procaine injected either locally oi uitiai enously has 
actions other than those of combating anhjthinias by mjocaidial depiessioii 
It is also a fairly efficient peiipheial vasodilatoi Theiefoie the question is 
laised whether these qualities in a drug might not pose pioblcins in the cir 
culation of eien gieater magnitude than those they weie designed to correct 
It IS necessary to know' whether a reduction in aitenal piessure lesulting fioin 
direct mvocaidial depiession or penpheial lasodilatation oi both, in patients 
w'hose heaits are already damaged, maj' not be a much more seieie liabibtr 
than the development of shoit bursts of inegulaiities of ihythm 

In the course of study upon the lelationship of anesthetic agents and 
methods to circulatory changes induced by the suigical collection of certain 
tj'pes of congenital and aeqiured heart diseases,® an oppoitunitv occiiired to 
cany on objective and quantitative measiiiements upon the cndilation fol 
lownng the intrapericardial and intracaidiac injection of procaine for the prc 
1 cntion of arrhythmias 

METHODS 

Electrocivrdiograms were made (Lead 11) siniuUaiico\ish with the recording of nr 
terial pressure with Lilly Capacitance Manometers at approprintc periods during operntioni 
on the mitral or pulmonan lalves 

A total of 50 patients were studied Of these, 31 patients were observed immediatclv 
before, during, and after the injection of procaine into the pericardium or into the heart 
muscle Tracings were made continuoush until it was eiidcnt either that no change wa^ 
going to occur or that a change that had occurred had begun to roiert toward normal 
Fleien patients wore studied during mitral eomraissurotoinv and 20 patients during pul 
monnri \ nlmlotomy for pulmonic stenosis Similar studies sen ed ns control measure 
niciits in 10 patients In 1(5 (12 mitral commissurotomies and 4 pulmonan i nlvulotomics) 
operation wns carried out without anr injection of fluid Phi Biological (0 85 per cent' 
•-nlinc was injected into the pericnrdinl «nc in 3 patients to determine the influence of 
fluid injection without nctiie drug on cardiac rhitlim and rate The data obtained in these 
3 pntii nt« were similar to the oli^emitions in those 16 patients who rcceivcil no injcctinn 

Preanesthetic medication consisted of an opiate or svnthetic narcotic and scopolnminc 
or ntropinc The most common prenicdicntion was n combination of meperidine and sco 
polamine Anesthesia for maintenance consisted of either cthilenc or nitrous ovide and 
small amounts of ether Endotracheal intubation was performed on nil patients The 
endotracheal tube wa« inserted dunng topical anesthesia in most adult patients nnd during 
general anesthesia in nil children When procaine wns injected into the pencardium O’- 
nnocnrdium, the amounts inried from 1 to 10 c c of 1 or 2 per cent solution 

RESULTS 

Table I demowstiatcs the findings in 11 patients in whom piocaine was 
injected into the pericardial sac and at the base of the aniieular appendage 
prior to mitral commissnrotoms There was a significant incieasc in heart 
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rate m S and a faU m blood piessme m 4 of the eleven There -was one in¬ 
stance of cardiac airest (Patient G iL) during the mitial manipulation ivhich 
^vas corrected bv cardiac massage Although the patient legained lucid con¬ 
sciousness and suffered no postopeiative impaiiment of renal function she 


Table L Mittal Couaussifotomt Pfocalse 


patient ^ 

i BEFORE 

PPOCA1XE 

\ AFTEF 

PROCAlXEt 

1 BP t 

1 tf § 

1 BP t 

1 PB ? 

E C 

9Q/6S 

so 

90/68 

105 

MIP* 

92/54 

135 

bS/40 

160 

M.B* 

115/74 

70 

115A1 

S5 

P T * 

S0/4S 

85 

72/4S 

130 

1 H* 

124/70 

60 

S4/46 

100 

M-M* 

120/80 

76 

130/75 

SO 

G M.*ll 

110/65 

110 

100/60 

120 

T R * 

7S/3S 

5S 

74/40 

110 

G 

135/75 

70 

110/60 

no 

H H."' 

Xot obtainable 

140 

Xot obtamable 

200 

ILB" 

110/70 

90 

110/70 

100 


•Preoperathe dl^talizatlon 

*Maxiin\jm change two minutes or less after the injection of procalne. 
tBlood pressure 


tPuI«»e rate. 

Cardiac arrest during mitral manipulation Died eighth postoperative da'v of conge?ti\e 
heart failure. 

entrlcular fibrillation re\ersed with procaine and cardiac massage. Died Fe\enth daj- 
of conge'^tUe failure. 


JPu7«e 

Summary 

Blood Pressure 

Total 

11 

Total 11 

Tachycardia 

S 

Hvpotension 4 

Xo ^ange 

o 

Xo change 

Cardiac arrest 

i 



died on the eighth postoperative da-v of congestive failure This patient also 
had severe aortic valvular disease at autopsv There ivas one mstauee of ven¬ 
tricular fibrillatiou (Patient H H.) lu the fii'st mitral conmussurotomv per¬ 
formed in this hospital The fihiiUation was leversed after caidiac massage 
and intraeardiac procame Death ensued m congestive failuie oii the seienth 
postoperative dav m a mannei sinular to that of Patient G il In evei-v opera¬ 
tion theie were short bursts of lentnculai extiasvstoles at the actual moment 
of finger fiacture of the commissures 


Table ir 'Uiteal Commisslfotomt Xo Pbocaiae USEr) Di pi\g Heaft Manipulation 


Patient 

P W- 
W D* 

E D’ 

B B* 

\ L.* 

C C* 

A McC * 
W McF ' 
CP* 

T A.’ 

T M* 


Prpopentiie dlpltallzatlon. 
1 prp^'^ure 

,Pul?e rate 


Bp t 


PB t 


124/66 

110/50 

100/60 

110/70 

116/SO 

116/70 

110/70 

112/70 

100/60 

110/76 

100/60 

105/65 


75 7S 
60 

70 76 
76 
SO S4 

76 SO 
SO S4 
60 65 
76 SO 

SO 

OO 

75 
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In contrast to tins expeuence, 12 patients iMth conipaiable types of mitral 
r ah-nlar disease recen ed no procaine Table 11 summarizes the data measured 
continuoiislv dining the suigical manipulations There iveie inconsequential 
changes in heart rate and blood pressure There occurred the same bursts of 
ventiicular extrasystole of approximately the same duration as uere found 
in the patients who were given pi ocaine 


TaBIE IIL PlLMONARY VaL^TJLOTOM\ PrOCAINE 


PATIENT 1 

BEFORE 

PROCUNE 

VFTER 

procmne’' 


BP t 

1 PR t 

BP t 

1 PKt 


J K 

110/70 

90 

95/70 

125 


W F 

95/50 

95 

100/50 

155 


R 

140/90 

100 

05/65 

140 


L G 

110/60 

82 

110/60 

14S 


C JI 

S5/15 

100 

60/40 

185 


A S 

100/65 

82 

100/65 

120 


B C 

70/40 

120 

70/40 

150 


s a 

106/60 

100 

100/60 

140 


T JI. 

156/84 

118 

130/80 

152 


R B 

118/50 

100 

115/60 

165 


D P 

130/75 

90 

110/72 

130 


T B 

120/70 

92 

116/80 

160 


B K 

134/50 

120 

114/46 

138 


J A 

120/60 

150 

74/50 

190 


L C 

136/S2 

120 

125/82 

102 


G T 

120/76 

120 

76/46 

150 


L R 

132/80 

105 

114/70 

176 


C R 

120/80 

SS 

120/80 

105 


J K 

100/55 

95 

100/55 

140 


J B 

82/52 

115 

82/52 

140 



♦iMaxImum clianpe two minutes or less after the Injection of procaine 


tBlood pressure. 
tPulse rate 

fCardlac arrest Inteiw entrlcular septal defect dilators Inserted through defect Into aorta 


Summary 

PuJse Blood Pressure 


Total 

20 

Total 

20 

Tachycardia 

20 

Hj potenslon 

3 0 

No change 

0 

No change 

10 


The same tontiast is emdent in compaiing 20 cases of pulmoiiair rahm 
lofonn in which pi ocaine was used with 7 in which eithei saline oi no injection 
took place This is shown in Tables III and IV Taclncaidia oeciiired in 
c\en case in which pi ocaine was used and in half it was acfompanied In a 


Tvbie PLiMowr^ A v/\i 


= 

I ATIENT 

1 BP t 1 

PR * 


J 

\o Procfiluc Dvnnn near! Mampii’nfion 




A S 

126/00 

02 



R 

85/40 

so 



M B 

120/60 

95 



I D 

122/68 

120 


n 

in P< rirardii/m 

Puniif/ Iharl Manipulation 

70 


n T * 

110/5S 



T 0 

120/60 

90 



M C 

100/60 

90 



Pr#x>p<^nitho dfgitiilliatfon 
tBlood urc^^urc 
tPuMo rate 
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faU in arterial pressme Again there was no difference in the incidence or 
seientr of the lentiicular extrasYstoles whether or not procaine had been 
used In fact, the only patient who exhibited no extrasystoles at aU was M Gr 
in Table TV, B This patient received a saline inti apencai dial and intraven- 
tnenlar injection Figs 1, 2, and 3 are taken from actual lecordings nhich 
illustrate the points discussed 

INTRAPERICARDIAL PROCAINE 


—- 
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tmmmmHmmil 
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mUllllJHHUIIII^ 
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E;pipRP(nw>nTT’!!?nirTirnTmn¥nTr'nr 
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Proeon* 

lB(«c1lan 


iMiipriillon of 
ptrIctrtffiR 


.n.Tr'.fmf 

MBmHUf 

LBBiMTL'izr 

MBBUBV 

WMMBwi 


2 inin oft* 

iRjOCtlOH 


Fie 1 —A lall In brachial arterj pressure and an increase in heart rate occur after the 
injection of 4 c-c. of 1 per cent procaine Into the pericardium. Multiple extrasyatoles are 
seen durine pericardial manipulation Alterations one and two minutes following injection 
are also shown. 

INTRAPERICARDIAL SALINE 









BRUSH DEV£ 




Tnllrfian Monlpulotlon of 2 min ofttr 

•>_Th *** °" P*rleordium injiction 

r'"^uIation‘^^2“^teraHnU°? Ertra- 

l3 noted Huio.uuu DUI no alteration In blood pressure or pulse rate 



injKtlon 


DI«CUSSI0X 


It IS nccessan to emphasire that no lafeienee is made fiom these data 
(hat tentncular tachacarclia and aentneular fibi-illation do not and cannot 
occur .luring operations upon the heait or gieat vessels Ventneiilar tachy! 
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cardia i\as not observed m this relatively small but iveU-mensui ed senes 
Yentiiculai fibiillation ivas seen once and appaientlj lesponded to piocauie 
injeetion Final judgment on the lalne of procaine and its deinatnes in the 
pieiention of lentncular tachycaidia and fibnllation inobabh should lest on 
the anahsis of a laigei numbei of patients on vhom the dings veie used as 
eompaied to an equallj laige numbei on vhoni thei veie not used \sheie most 
othei lanables veie icasonabh constant 


NO INTRAPERICARDIAL INJECTION 


Pt AS 




Manipulation of ptricordium 3 min 

3 —>.0 intrapericardial injection Extras>stoles are noted with pericardial nianlpulntlon 
There Is no clmng’e In blood pressure or pulse rate. 


It IS geneially conceded, houeiei, that the include to lentiiculai tachi 
caidia and fibnllation consists in the dei elopnient of multiple lentnculai 
extiasi stoles These weie obseiied in all the patients to vhom piocnine had 
been gneii and in almost all of those to vhom it had not been gi\en The 
diiiation vas shoit in both gioups In this study, it is eleai that piocainc did 
not pieient the development of aiilnthmias as eompaied to similai opeiafions 
vithout its use Digitalization does not appeal to e\cit an influence since 
similai fincbngs veie piesent in digitalized and nondigitnhzed heaits The 
health of caidiac muscle, in eontndistinetion to that of lahcs, vas not a fae- 
toi since the healthv muscle in the patients vith pulmonic stenosis behaced 
like the diseased muscle of the patients nith ihciimatic hcait disease 

A inithei thesis of this discussion is the fact that the use of piocainc 
within the peiicaidium oi the henit muscle maj be haimful The fad that 
the desiied piotcction against aiihvthmias is not accomplished is pcihaps of 
kssc! impoitance than is the ciieulaton disabilitj imposed bj the drug In 
the 01 eiwhelming maioiiti of patients (90 pei emt) taclncaidia of clinical 
significance deieloped and Inpotension was piodueed in 45 pei cent In pa 
ticiits whose nnocaidnl leseiie is seieieJj limited, the induction of tacln- 
eaidia mai piccipifate so great a fall in caidiac output as to be a seiioiis 
plusiologic till eat These complications weic not obsciied when no piocainc 
was used 01 when saline was iniected m its place It can be concluded, theu- 
fore that the stimiihtion of a needle and the efleets of injected fluid do not 
cause the tachscaidia and the Inpotension obsened in these patients It is 
(luh an effect of procaine, picsuiiiabli because of sistemic absorption that 
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effect of PROCAIKE on CJ-KCUEATION 


comes OK almost immediately and persists for not less than two minutes and 
frequently as long as ten minutes 

StrilllAEl AND CONCLUSIONS 

1 The in 3 ection of pioeame into the pencaidial sac oi the mjocaidium 
did not pi event the deielopment of ventiiculai exti asystoles in 11 cases of 
mitral commissurotomy and 20 cases of pulmonaiy a ahulotomv 

2 The injection of piocauie mto the pericardium and into the heait 
muscle produced tachvcaidia m a large majority of patients (90 per cent) 
In approNimately one half it also produced hypotension (45 per cent) In 19 
tomparable control cases these effects uere not ohseiyed 

j These effects of the injection of procame aie considered harmful in 
patients who are to he subjected to operations upon the heart and gieat i essels 
and paiticulaily harmful in those whose myocardial reserie is alieady hmited 
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DISCUSSION 

DR ARTHUR AINEBER6, Alontreal, Quebec —The question of using procaine is 
ten important, T think, and, although the paper vould indicate that perhaps one gets an 
increase m pulse rate and a drop m blood pressure, this is a ven temporarv matter In 
our experiments tvith internal mamman arterv implants in animals tvhere ive nere dealing 
with the tentncle we found that we had to use procaine to atoid fibrillation, A\ hen we 
abandoned procaine we had msnv instances of ventricular fibrillation, and where ne used 
nothing but procame into the pericardial ^ac, ventricular fibrillation was a comparativelv 
rare occurrence 


With regard to human eases, after reading the recent literature ana because at the 
time of putting procame mto the pericardium, we had noted the drop in blood pressure 
and increase in puli-e rnte which we corrected immediatelx with Neo Svnephrme we de 
culed to abandon it m two cases, ^nd were Sorrv that we did so In one case the pulse rate 
went out of control and we had ventricular tachvcardia which nearlv terminated fataUv 
Fortnnatelv, putting a suture m the heart brought it back to normal rhvthm, showing how 
sensitne the heart was, and that patient sunned So I do not think one should abandon 
the use of procame localh without a little more consideralion, particularlv if working on 
the ventricle, all who have tried aortic stenotic procedures realize just what can happen 
e\en when using procaine i a^peu 



Ds'TEACABDIAC SUEGEEY WITH THE AID OF AETIPICIAE 
OPEEATIVE TUNNELS 

William K Sm axn, MD (b\ lxmmtation), Jacob T Bradshfh, Jr, JID 
{B\ IWITITION), VXD JORGF EoDRIGUEZ-ARRO\0, MD (BV I^\^TVTIO^) 

Knowille, Tf\n 

D efects of the eaidmc septa and %ahes idealh would be operated upon 
undei diieet vusion in the open heart in a dn field This tv^pe of siugen 
IS being done, but it has not v et advanced to the point of a piactiealitv Until 
this method is adequately dev eloped aitificial devuees which affoid the singeoii 
some help in woiking wuthin the chambei-s of the heaif will eontinue to he of 
some inteiest and peihaps of some use 

Such a device has been suggested bj Bailey ’ Anothei has been used sue 
cessfullv to approach the ventiiculai ehambeis in animals by Glenn- The 
only such devuce that has been applied in the tieatnient of human patients to 
anj extent is the opeiative well devnsed bv Gioss’ to piovide aceess to the low 
pressiue aiea of the light auiicle 

Oui effoits have been dnected at a univei-sal tv-pc of opeiative tunnel 
(I'hg 1) which would allow appioach to the foui ehambeis of the heait and 
the gieat vessels, affoiding the same opportuuitj foi digital visualization and 
opeiative manemei as is utihzed in the opeiation foi mitial stenosis vua the 
left auiieulai appendage We have also aimed at a method which would be 
as safe as tins operation and in which there is no demand for hnstv maneuyers 
and no oppoitunitj foi dangeious blood loss 

Oui eaily efforts to devise aitificiaJ opeiative tunnels weie successful 
when applied in lovy picssuie aieas such as the auiicles, and resulted in faihne 
01 senons diificulties because of blood loss when applied to the aorta and 
V cntncles 

We leasoned that if such a device could lie adapted to the aoita, and this 
would allow sate and accurate suigeiy on the aoitic valye, it would then be 
consideiablv less of a pioblem to utilire the method in appioaching othei areas 
within the heait (Fig 2 ) 

In the papei bv Glenn- in which it is icpoitcd that i lubber diveiticuhim 
was used to approach the cardiac cavities in tweiitj-six animals it is stated 
that in one expeiinient an attempt was made to sew the diveitieulum to the 
aorta In this expennicnt bleeding aioiind tin siituie line was so sevei’c that 
the aiiiiinl was lost ns a lesult ol hemoiihage 

This coriesiionds to our eailv ixpeiieiice It was not until we abandoned 
oiieratne tunnels made of lubhei and selected one made of plastic and fabric 

Rcnil nt the Tlilrtj-fourth VnnunI VIcftlnR- of Tlic Vmerictn Association for Thomcic 
'surperj nt Montronl Quebec. Moj T to 6 1954 
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that we were able to eliminate this bleeding The tunnel device now nsed has 
an inner larer of plastic that is smooth, resistant and waterproof The onter 
laver ot cloth strengthens and restrains the plastic at the points of sntnre In 
addition the cloth has an adhesive qnalitv when wet with blood This ensures 
agamst blood leakage at points of contact with the heart or blood vessel tis¬ 
sues Tunnels which utilize a fabric can he sutured snnglv to the aortic in¬ 
cision and, no doubt clotting of blood is piomoted between the fabiic and the 
meised blood vessel wall and in the suture holes of the fabric and the blood 




Fig 1 


Fig C 



vessel wall Usmg imnv fine 
suture this particular operatu 
no blood loss nhatsoeier 


Fig 3 

mtermpted sutures (Fig 3) it is possible to 
e tunnel to the aoi-tic incision so that there is 


-^ regnlarh aUoivs ns to sntnre the operate e tunnel 

, tn„ P'^PtrlnK'ntal jtu He-! were i „ 

perfomie., at SiMnt Marj a Me„ior,al Hospital in Knox- 
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to the aoita, caiiy out digital and uistiumental maneincis at oi belou the 
level of the vahe cusps, lenioie the tunnel device, close the aoita, and haie 
the animal survive ® 

In the animals the Satinskj clamp sufSces for isolation of a longitudinal 
aortic segment to leceive the opeiatiie tuimel On one human patient this 
instiument proved inadequate because of slipping We haie since utilized a 
cuived clamp with seiiated blades (Fig 2) The pnnciple of the purse string 
IS used heie as in the aimculai appendage (Fig 4) Sometimes the loot of the 
aoi-ta IS 01 eilapped by the light auiiculai appendage In such a case the ap 
peudage ls letiacted by placing a sutuie in its tip (hhg 4) 



The piesence of a fat pad o\ei the root of the aoita is constant in human 
beings (Fig 2) This must be dissected in oidci to gi\e a clem access to the 
lessel Occasionalli ve haie siituicd this tissue to the aortic opening to giro 
more stiength in the closuie 

In 01 del to place the aoitic clamp, theio are tiio maneuieis iihieh nio 
helpful The lessel is pulled foniaid hi gnppnig Ihe adicntitia mth a suit 
able instillment The i essel is pushed foiiiaid lij nisei ting a finger behind the 
aot ta in the sulcus tiansi ezsus of TJieile 

When ve fiist applied this opeiatiic method to the tieatment of aortic 
stenosis in a human patient ve mcic using tunnel dences made of rubber of 
the appiOMmatc thickness of a suigicnl glo\e 

Expciience based upon si\ aiuinal operations led us to belieie ve could 
sutuie this dcMce to the aoitic incision so that thcie vould not be appiecinblc 
blood loss AVe icasoned that the piessuic distal to a stciiosed aoitic \ahe 
vould not be appieciabh gieatei than that in the noimal aoita of a higc am 
mnl This proi ed to be erroneous 

CASF REPORTS 

C\SE 1—Patient “M ^ T, nRtd 3'l \cnr<i, wn^ lo<<l l)ccau«e of cscc'sivc tilcedinp 
Blood was lost m considernljle amounts at the line of suture of the rubbtr tunnel to the 
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aorta In addition the tunnel hecame dilated and distended "We feared it ivould rupture 
Additional blood rras lost m an attempt to break open the calcified commissures with a 
clumsv instrument similar to a Kollmann urethral dilator 

Case I—Patient C E C, aged 26 vear= was lost as a result of bad judgment in 
placement of the aortic clamp A lip of aorta was isolated antenorlv as usual in the clamp 
The electrocardiogram immediately revealed an increased depression of the S T segments 
S T segment depression of some degree was known to have been present for two md one- 
half lears A reapplication of the clamp resulted in improvement of the eleitrocardio 
graph picture, but there was stdl some increased depression of the S T segments over the 
preoperative status "We unwiselv decided to accept this situation and proceeded to incise 
the aorta and suture the tunnel in place lAe do not like to hurrv this suturing It must 
be extremelv meticulous or there will be dangerous leakage After the device rras in 
place but before surgerv was done on the diseased valve, ventricular fibrillation occurred 
Cardiac massage was begun immediatelv and later the ventricles were defibnllated bi 
means of electric shock. However after a short interval the fibrillation recurred and we 
were unable to alter the situation. The patient expired one hour and twentv minutes after 
the initial onset of fibrillation 

This patient had significant aortic insufliciencv Xarrowing of the aorta above the 
antenor leaflet bv application of the clamp nndoubtedlv resulted in further interference 
■with coronarv blood flow Because this interference was prolonged for thirtv minutes 
while the tunnel was sntured m place the coronarv insnfiicienev pro\ ed incompatible 'with 
snrvivaL Better judgment dictates that a more lateral or posterior application of the 
clamp be used and that the clamp not be left in place if there is anv evidence that its 
presence decreases the coronarv blood flow 



In this operation a tunnel of I'Wi, , 

satisfactory in that there was no bllod i j acompletely 
to the aortic valve ^ ‘ ^ adequate freedom of approach 


C\sn 3—Patient B E X nire,l 33 i. , 

Ao blood los. occurred at the line of cuL 

u cd was in-igmficant In tins patient it was ^'^‘^’awients 

...e anger The third i.s cut BaLr.r 
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cisiou of the aimcvilai ^vall and fieedom foi operative manenier It is sug¬ 
gested that this method of eutenng the left aiinele miglit he utilized -when a 
thrombosed or calcified appendage is encountered, hut sufficient normal auric¬ 
ular tissue IS available elsevrhere It is further suggested that this method 
mav he found iiseM ivhen a satisfaetoi-v operation for mitral insufficiencv is 
available and is applied to patients prei louslv explored or operated upon for 
mitral stenosis 

The indifferent results vrhich sometimes follou the Broch operation foi 
so called puie pulmomc stenosis led us to applv this method to appioach the 
pulmonic vahe through the pulmonarv aitei-v in one patient (C D, aged h 
rears) IVe reasoned that this method irould alloiv an accurate assessment of 
the status of the steuosed vahe both before and after it was opened IMoie 
lecent information'* would seem to indicate that the indifferent or poor results 
hai e occurred in patients i\ho had an associated infundibular stenosis and that 
madeguate pulmonaiT valvulotomv mav not have been responsible for the 
failures 

Usmg this method in one patient (G H. aged 20 vears), ue appioaehed 
the mterventricular septum, and closed a septal defect through the infun¬ 
dibular area of the right ventricle The opeiative technique used was a modi¬ 
fication of that descnbed hv Kav and Zimmeimam’ Om modification (Figs 
G-8) allows the operation to be done without blood loss and rntb more latitude 
for exploration and suture 

A similar approach is suggested foi operative attack on infundibrilar 
stenosis 


STTMIIARV AXD COXCLUSIOXS 

The authors bar e devised an operative tunnel made of fabric and plastic 
u hich mav be sutured to the walls of the heart ca-nties and the great vessels 
as an aid in performing surgerv on the cardiac septa and r alves 

Opeiatire technique utilizmg the tnunel device has been perfected in ani¬ 
mal experiments so that the operations aie now legularlv perfoimed mthont 
blood loss 


Application of this method to human patients is nov possible e% en in the 
high pressure areas of the aorta and ventricles 

Further trial of the method is 3 ustified paiticulailv in the treatment of 
aortic stenosis inasmuch as it is the onlv method available other than cardi- 
otomv m a bloodless field iihich atlous anv appraisal of the nature of the 
pathologi- before surgerv and for am assessment of what has been accom- 
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DISCUSSION 

DR AA E BLOOAIER, Aew Ha\en, Conn—Dr AAilInm Glenn of A ale could not be 
hero todai, and asked me to discu«s the paper bv Dr Swann, Dr Bradsher and Dr Rod 
riguez Arroi o with reference to artificial operatiie tunnels, and to describe the method 
of approach to the chambers of the heart and great it«se!s through a closed pouch or 
dnerticulum that was dei eloped at ATale m 1952 and first reported in the Pole Journal of 
Bwlogy and Medicine in Pebruarv, 1953 The dnerticulum used bi Dr Glenn is made or 
molded latex * This method has now been used to approach the chambers of the heart 
III npproxiraatelv 100 animal experiments It has been emploxed 3 ucce«sfullv in one pa 
ticnt to approach the mitral xahe where entn through the auneular appendage was not 
possible The patient was a 51 rear old white woman with Grade III to lA’’ mitral stenosn 
The incision in the left auricle remained open for more than an hour There were no 
complications, the patient is living and much improicd four months after operation 

The folloiving method of sewnng on the rubber dnerticulum is used The dnerticulum 
IS placed between the point of entn of the pulmonarv xcin and the auriculoi entncular 
grooxe The finger is passed through the diverticulum into the auricular chamber Here 
the finger is obturating the incision ns closure is begun bi taking a deep mattress suture 

The method of closure which has been used bi Dr Glenn is a “parallel bar method,” 
making use of two pieces of split polvethvlene tubing A deep mattrc«s suture is placed 
through these and the polvethvlene prexents the suture frim cutting into the mxocardnim 
This suture can be snugged up b\ use of this modified txpc of Bethunc lung tourniquet 
proxided with a long cross bar at the end 

The diverticulum has also been used for approach to the right \ entncular chamber in 
an infant with cxanotic heart disease and sex ere decompensation Although the child did 
not survixc the operatixe procedure the death of this despcratolv ill infant was not be 
hexed to be due to the sewing on or renioxal of the dnerticulum, or to tlie exploration of 
the right xentricle 

Before this technique is used in human beings bj one not familiar with its use, it is 
adxiscd that the technique first be applied to the hearts of a number of animals 


Xxnlinbli. ut tin. ix imlers Rubber Comii inj Ntw Haxen Conn 



CAEDIOA^'CrlOGRAPHY 

Philip V Smith, ilD (by est-itatiox) Charles'^ TTilsox, MD (bt 
ixTiTmox), Hugh A. Gregg, il D (by ecyit\tiox) , axd Karl P Keassex, :M D 

CoLYMBUS, Ohio 

TN 1933 Rebonl and Racine' leported on the diiect injection of contiast media 
1 mto the right and left ventricles of dogs bv means of an mtei costal appi oach 
In 1936 Nnvoli- snccessfidlv injected a sodium iodide solution lutereostaUv into 
the left ventricle of a patient vnth an aortic aueurvsm. In 1951 Ponsdomenech 
and Nunez* reported 45 ventricular punctures in 30 human bemgs mthout 
mortahtv A subxvphoid approach to the diaphragmatic surface of the heart 
iras emploved, and TO per cent Diodrast injected This proceduie ivas desig¬ 
nated '‘Cardioangiographv” bv these investigators 

From a radiographic standpoint the method showed promise of improied 
visuahzation of the heart and gieat vessels when compared with conventional 
angiocardiographv Fiuther evaluation of this procedure seemed wan anted 

METHOD 

‘^ventv five ventnoular punctures were earned out m 18 dogs mjectiug 70 per cent 
Diodrast* into the nght or left venfnele Electrocardiograms were made before, dnnng, 
and after the procedure Fluoroscopic or radiographic Tisualizatiou of the animaJs ’ hearts and 
great vessels was accomplished dnnng the injection. The dogs that died were autopsied 
and those which survived were sacrificed and autopsied at inteivals from immediatelv to 
fifrv three days after the last ventncnlar puncture Gross and microscopic observations 
of the heart and other organs m these animals were recorded 

An intercostal approach to the heart was utilized for the first fifteen punctures, but 
Was abandoned after one laceration of a coronarr vessel The remaining sixtv punctures 
were done bv the snbxi*phoid approach to the diaphragmatic surface of the heart where the 
coronarv lessels are smaller and more infrequent, Xo coronarv vessel lacerations were 
encountered bv this approach 

The technique in dogs consisted of anesthetizing them hghtlv with intravenous 
Membutal and placing them on iheir nght side A 4 inch 17 gauge needle was then in 
serted in the left subwphoid region and directed to the diaphragmatic surface of the 
heart where the nght or left lentncle was punctured. Ten cubic centimeters of 70 per 
cent Diodrast was injected rapidlv manuallv and the fluoroscopic or radiographic observa 
tions were made 

RESULTS 

A cardioaugiogiam tvilb tbe needle m the right lentncle (Fig 1) and one 
'nth a left veutneuHr pimctuie (Fig 2) demoustiate tbe result obtained m 
dogs w ith the luiectioii of 10 c c of the contrast media Serial films taken 

W Frederick C Smith Clinic, Marion Ohio and The Dlvl'^lon of o 

Yhe Ohio state Lnherslty Health Center Columbus Ohio iJ'^rinon or Thoracic Surserv 

Aided by a Grant from the Central Ohio Heart Association, 
Montr^eIt"Q“u\rel.'^"'3^r5‘ AssocIaUon for Thoracic Surgerv at 

•Supplied by TVlnthrop Stearns Corporation. 
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Fig 1 Fig 2 

Fig 1—Cardlonnglogrnm In dog with needle In right \entricle and 10 c c, of 70 per cent 
Dlodm^^t Injected 

Fig 2—Cardlonnglograni In dog ^\Ith needle In left ^entricle and 10 c,c. of 70 per cent 
Dlodrnat Injected 

AMtli the Fan child casettc ciiangei* ie\eiiled no aiipicciahle loss of continst 
fiom the light to the left side of the heait nlieii the inject ion i\as made 
initialh into the light icntncle Since no leakage oceniied thioiigh the 
initial 01 tiiciispid lahcs the onlv dilution of the media is Mitli the blood con 
tamed in the lentiicle and its outflow tiact 

Electiocaidiogiaphic changes encoiinteied in the dogs aie picsented in 
Table I 'When the needle tip encoiinteied the icntiiciilai wall tiansient 
evtiasistoics constanth appealed These oidinaiih disappcaied when atccss 


T Mil 1 

I El icTRoc\nDiorr\inic CntNCES i\ 

CvrniovNoiooRiVPm is Doas 


TVTF OF CnvNGF 

FREQTJENCrr 

1 

^ontncuInr oxtracvstolcs 

Constant 

■> 

t cnfricular hbrillntion 

1 Occasion 


A’cntnculnr tntlitLnrdin 

2 OccasioiT^ 

4 

\ cntnculiir n’=i>stolc (1 3 Itcat**) 

J Occasions 

o 

Posilioiml change: 

Frequent 

0 

Other tliaugts 

Occasional 


was gained to the lentiitiilai ihanibei Onh one annual deieloped lentricu- 
1 ir fibiillation this followed flic cirdiae piinctiiies in lapid succession and the 
inti ijieiicaidial and iiiti innoeaidial injection of a jioition of the Diodrast 
This was the onh dog whuh died as a duett lesiilt of the inocedme among 


•I ent by the PIcKcr X-rar CorporaUon 
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costal appioach iias emiilojed Focal pnlraonarv hemoiihage ^^hele tlie 
needle had perfoiated the lung i\as found in four of the six dogs in iihich 
the inteicostal appioach uas utilized The first dog ui our senes died of 
bilateial pneumothoiax uath massne pulmonan atelectasis as the result of 
our manipulation in attempting to leain hoiv best to punctuie the heait in 
dogs A iTsens other than the heart i\as knoun to be injured only once in the 
series of subxjphoid punctures This dog sustained a small laceiation of the 
luei which i\as discoieied at autopsy four dais aftei the last lentnculai 
pmietuie The dog had sufifeied no clinical ill eftects The dog that sustained 
ceiebial injury had a total of 55 c c of 70 per cent Diodrast injected into the 
left lentiicle at one time, it also had gioss hematuiia befoie death The other 
tuo dogs with gloss hematuna each had 10 c c of a contiast media othei than 
Diodiast employed Gioss hematuna uas uot obseiyed mth doses of 70 pei 
cent Diodrast up to 30 ec Laceration of the anteiioi descending biancli of 
the left coionaiy artery resulting in eaidiae tamponade conyineed us of the 
mcreased dangeis of the inteicostal approach Intiapeiieaidial injection of 
a feu cubic centmieters of the Diodiast did not lesult m significant electro 
caidiogiaphie or cbnical changes Inti ami oeaicbal injection of the media 

resulted in lentiicular tachycaidia in one instance, at iihich time the dog i\ns 
sacrificed, and lentiieulai fibnllation and death in the second instance To 
help obi late this dangei, a short-bei eled needle was especiaJli made for the 
human cases, but i\as not utilized in the animal iiork Such a needle iiith 
a fiee backfloii of blood, should assure free access to the yentricular chambei 
The maximum numbei of lentiicular punctuies in any one dog iias seyeii 
teen, accomplished lu ten sessions This dog deraonstiated no significant pei 
manent electiocaidiogiaphic alterations and suffered no clinical ill effects 
The maximum numbei of lentiiciilai piinctnies accomplished m any one dog 
at one time was fiye No significant pei manent electiocardiogiaphic changes 
weie noted fiom this lepeated tiauma but multiple consecntiye pimctures of 
the heart hai e uot been employed by us m human cases 

File of the eighteen dogs utilized m this expeiiment were in poor health 
fiom old age oi adwanced carcinomatosis Dining the course of the expeii 
ments two dogs died of inanition and one died of luteicurient pneumonia 
These findings were confiiraed by gross and micioscopic obseirations made at 
aiitopsA One dog died fiom anesthesia before eaidiac piinctuie Was done 

Aside fiom the one dog wnth massne intiapencardial hemoiihage, onh 
a few cubic centimetei-s of blood oi bloodstained fluid was found in tlic pen 
eaidial eant\ at aiitopsi' m those dogs which weie saciificed within three 
days of the last puncture Those dogs saciificed after thiee da^s did not show 
eiidence of blood m the peiicaidiuin and no perieaidial adhesions were noted 
The needle puncture marks in the cpicaidium and nnocardium were often 
difficult to identify at autopsi but minute siibcpieai dial apd mtrama ocai dial 
aieas of hemoiihage weie someflines \isihle in those dogs sacrificed in the 
first few dwAs aftei the last \en1iicular punctuie The cndocaidium lareh 
showed CAudeiice of the site of punctuie In the two dogs with intiann ocaidial 
injection of the Diodrast there was extensile intiann ocaidial hemoiihage and 
the heart wall was locally swollen and diseoloied The later gross patho 
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I 021 C changes found in dogs sacrificed at intervals np to fiitv-tliree days after the 
last Tentiicnlar pmietnre consisted in the formation of a tinv patch of fibiui- 
ons exudate on the epicaidial suidace over the nsible needle puncture sites 
finallr progressing to focal scarring ilicroscopicallr, the early changes noted 
at the site of punctuie m the nivocaidiuni were focal hemorrhage followed 
hr local mflammatorr reaction Focal scarring was the end result, often de 
tected onlv microscopically 

uisccssion: 

It IS apparent that during the investigation of cardioangiographr m dogs 
most of the complications ivere encountered which theoieticaUv could he 
anticipated The dangers of cardioangiographr as thev were assessed m 
animals and the measures adopted to minimize such dangers m application 
of this method to patients are summaiized in Table IT Cardioangiographr 
has been undertaken in six human cases mthout moitalitr 


Table IV Bax eras or Caedioaxgiogkapht axd Measckes Adopted to 
A lEOinzE These Dasgees 


_ DAXGEB _ 

1. IntramTocaidial iDjection of 
contrast media 

2 Coronarv vessel laceration 

' Mvomidial ischemia 

■L Ventncnlai fibnilation. or car 
disc arrest 

3 Perforation of other viscns 

6 Cerebral or renal damage from 
contrast media 


MEASrEE TO AUXTMTZE DAXGEE 

Short beveled needle vatb free bacfcfiovr of blood 

Single pnnctiiTe of diaphragmatic surface of heart 
Rapid injection of Imuted qnantitv of contrast media 
Oronasal orvgen dnnng procedure, contumons electro¬ 
cardiograph during procedure, bemg fnllv prepared 
for cardiac resnscitation 

Becompression of stomach, proper direcbon of needle 
Limited qnantitv of contrast media 


The procedure is accompbshed painlesslv with local anesthesia in a prop- 
erlr sedated patient However a competent anesthetist is at hand and 
provisions are taken to msert an mtratracheal tube and to carrv out re- 


snseitative measures should thev become necessarv Thoracotomv mstmments 
ire available m the event that cardiac massage or cardiac defibnllation is 
leqmred. Prehminarv electrocardiographic trnemgs are made with the usual 
ea^ An mtravenons infusion of saline is usuaUv started and a pint of blood 

IS eld m reserve Procaine was given intravenonslv dnrmg the procedure in 
one patient 

Paidioangiogiaphi- is sunple and readilv 
ai ailahle The patient is placed on his hack or with the left side tilted forward 

mcision IS mide in the anesthetized area of the 

attaoWd^fn ^ short-beveled needle 

attached to a -0 c c Lner Lok svnuge containing 20 c e of 70 per cent Diodrast 
IS emploved A contumons electrocardiogriphic tracmg is started as fte 
needle is inerted through the incision in the skin and the operator is kept 
imormed of nnv sigmficint alterations m the pattern The needle is If 
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IS aiiaie of the pulsation and the needle is ad^anced into the Acntiicle The 
fiou chaiacteiistics and the color of the blood coming back into the smiuge 
dcteimine uhich lentiiele has been enteied In one instance uheie puuctiue 
of the left ventiicle Mas desiied, the right lentnele Mas enteied fiist and it 
Mas necessary to tiaveise the inteiventncnlai septum hefoie access to the 
left lentiicle Mas obtained As soon as a fiee liaekfloM of blood has been oh 
tamed, the Diodiast is injected ns lapidly as possible and the piopei Niai 
exposuies aie made It is impoitant to hold the needle steady Mhile it is in 
the heait, not only to maintain its piopei position, hut also to piecent the 
needle tip fiom flopping aiound and inducing furthei lentiicular extiasvs 
toles Immediately aftei the injection the needle is MithdiaMm and the pa 
tient’s vital signs aie carefully obseived foi a peiiod of fifteen minutes Fui 
ther electiocaidiogiaphie tiacmgs aie made at mteicals dining this period 
of time The patient is then letuined to his loom and fiuther caiefully ob 
served foi the next tiventy-four horns, paiticulailv foi eaidiac tamponade 
The paucity of coionaiT vessels on the inferioi suifaee of the heart makes 
this complication unlikeh but not impossible Anothei electiocaidiogiam is 
made the folloMung dav 

The question of aneunsm Mas laised in an eldcilv ladj Mith a superior 
mediastinal tumoi TMentr cubic centimetei-s of 70 pci cent Diodiast Mas 
mjected mto hei left leutiicle and the lesiilting caicboaugiogram (Fig 4) 
shoMed the tumoi to be extiai ascidai At opeiation it pioied to be a malig 
naiit thymoma Caidioangiogiaphv m a loiiiig man Muth an enlaigecl left 
1 eutiicle re\ ealed an entiieh competent miti al i ah e (Fig 5) 

The amoiuit of Diodiast Mhich can be injected safely into the lentncle 
is not knoMui At piesent the quantity is limited to 20 c c The Cuban in 
1 estigatore^ used 50 c e of the media micctcd Mith a measuied-pressiiic 
dence Jlaniial injection Mas used in oiii six cases Theie is no definite 
endence that Diodiast has a deleteiious effect pei se on the coronaiy lessels 
01 on the mioeaidium but its kiioMui toxicity to the hi am indicates that as 
vet it IS not the ideal contiast media foi this pm pose Pearh passed a catlietei 
thiough the fenioial oi cuotid aiteii to the noitic sinus m dogs and could 
legiilaily successfully demonstiatc the coionary aiteiies Muth injection of 
4 cc of 70 pel cent Diodiast He did not note any electiocaidiogiaphie ah 
noiTualities Mith this dosage Picsumabh any substance Mhich Mould displace 
the blood m the coronaii aiteries foi a sufficient peiiod of time to result in 
imocardial ischemia Mould giic use to complications "We believe it is im 
portant to inject the Diodiast m less than tMo seconds to ieduce its time of 
coionarj' transit 

Cardioangiogiaphi has not been attempted m childien and patients Muth 
cyanosis The lesults of the pioeeduie in oui six human cases are picsciited 
m Table V On the second patient an attempt Mas made to mtioduce 40 c c 
of 70 per cent Diodiast mto the left icnfiiele but because of technical diffi 
culties it Mas injected too sIomU Veiitiiculai fibrillation resulted and car¬ 
diac massage Mas leqiined to lostoie a sinus rlntlim The patient leco^cicd 
unea cut fully though he has an inoperable aneuMsm of the thoracic aorta 
Mhich has bled on seceial occasions The most likeh explanation of the 
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■\ eutncular fibrillation in tins case iias the latliei pioloiiged period of mjo 
cardial ischemia due to the piolonged eoionaiv tiansit of the media The 
radiogiaph showed the coionaiy aiteiies filled with Diodiast No sigmficniit 
complications were encounteied in the othei fiie cases 

The numbei of cases repoited heie is not sufficient to ei ahiate the possible 
ladiogiaphic advantages of the method Sufficient promise has been shovn 
to indicate that the theoietical advantages may be realized Better delineation 
of the topography of the left side of the heait, the initial and aortic lahcs, 
and left-to-nght shunts should be possible n ith this method The presence of 
imtial legurgitation was demonstiated in two cases by Nunez and Ponsdom 
enecli,” and m one case bi us Rapid serial \-iai e\posuies mil piobabh be 
required to realize the full value of the piocediiie 


Table V Cardiovno oorapua in Hitman Brisos 


PA 

TIENT 

AGE 

(YK) 

weight 

(KG ) 

DIAGNOSIS 

COMPUCATIONS 1 
OP PROCFDDRE | 

ELECTROCARDIO¬ 
GRAPHIC CHANGES 

1 CLINICAL 

1 EFFECT 

C M 

43 

93 

Aneurram of in 
nominate artery 

Distended 
stomach 
entered once 

Ventricular extra 
s} stoles, ion 
triculnr asystole 

No harmful 
clTcct 

J D 

61 

60 

Bleeding aneur) sm 
of arch and de 
scending tliora 
cic aorta 

40 c c 70 per 
cent Diodrast 
injected in 5 
sec. 

A^'entncular extra 

SI stoles, von 
tncular fibnlla 
tion 

Cardiac niQ'SDgc, 
sinus rhythm 
restored in 

180 see , uii 
eventful re 

M L 

73 

52 

Malignant 

tliv-moma 

None 

A'’cntnculnr extra 
sj stoles 

No harmful 
effect 

F E 

30 

70 

Coarctation of 
aorta 

None 

A''entncular extra 
systoles 

No harmful 
effect 

A.C 

39 

70 

Mitral stenosis, re 
gurgitation (?) 

Access to right 
ventricle but 
not left 

A’'entncular extra 
s\stoics 

No harmful 
effect 

J L 

44 

64 

Coarctation of 
aorta, mitral in 
“uffieicnc' 

None 

AVntncular exAra 

31 stole 

No harmful 
effect 


SUJniARV AND CONCLUSION' 

1 The technique and complications of caidioaiigiography in dogs and 
human beings haie been piesented 

2 Cardioangiograph-\ when piopcih applied vith certain safeguards 
ma^ proA^e to be of lalue in the ladiogiaphic diffeiential diagnosis of lesions 
of the hcait and gieat lessels 
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COMPOSITE VENOFASCIAL AUTOGRAFTS CREATIOIS AND 

EirPLOYilENT 

Av Experemextal. Study 

Newtox Chux, MD (b\ ixviTATiox), Richard Forney, MD (by inmtvtion), 
AND Egbert H Fell, MD (by inyitytion) 

Chicago, III 

C URRENT development of the blood vessel bank and tbe use of boinologoiis 
aiteiial giafts have extended the theiapeutic scope of vascnlai surgen 
It is non a practical consideration to suigieallv attack segmental disease of 
the aorta and its ma 30 i tilinks bv lesection and leplaeement ivith homologous 
transplants AYith the demonstiatiou of tissue siiivnal and low incidence of 
degeneration in expeiimental autogenous vascnlai giafts, the emplovuieut of 
such native grafts becomes desirable The additional fact of tbe indispens- 
abibty of the human aiteiial tiee makes auv souice of woikable autologous 
tissue tubes welcome It was with this backgiound in mmd that this expeiinien- 
tal study was undertaken to test the feasibibtj of forming composite autologous 
tubes foi vascular trausplantatiom 

ilETHOD 

Apparently healthy dogs neighing betneen 18 and 30 pounds weie em¬ 
ployed In the uuhal study the feasibility of foiming a vein-lined fascial 
layer was tested by the implantation of external jugular vem segments on 
faseia The fascial sites used neie fascia lata, liimbodorsal fascia, fascia of 
the external obhque, and lectus abdouunis 

Further expenments weie then designed in nhich the fieshly-sutured 
lenous segments iiere placed on fascia and iveie Yvrapped together around 
nonreacting plastic stents (polvethvlene and methyl methacrylate), undisturbed 
fascial pedicles at both ends of the stent maintaining blood supply The 
tissue tubes mth stents uere in situ foi peiiods lauging fiom seven to fifty- 
ti\ 0 days before recoi en and tiansplantation into the aoita 

Nineteen such a enofascial tubes a\ ei e i ecovered and transplanted as auto 
giafts lu the thoiacic and abdominal aoita foi penods of 2 to 156 days before 
aortogranis were taken and the animals snenfieed for gioss and histologic 
study (Pig 1) 

results 

Ill contiol sections of fresh segments of the external jugular vem placed 
on the fascia of the external ohhque and lectns abdominis the anatomy of 
A cm and fasun is dearli shouTi (Pig 2) The tiiiuca iiitmia of the external 
jng^i Aun consists of ni endothelunn supported In a loose filnibni enUag- 

MonUoaT'‘Qu'eb^'AIa>'Tto'E^m 4 '''' Vmerlctm Association for Thoracic 

School of”Lhc'um\cr-'it>''^ot niinols'^^Cmca^“nL*'”'“' Hospital of Chlcapj and the Medical 
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enous subintima The titmca media is composed piimaiilj of seatteied cir 
cular smooth muscle fibeis in a collagenous matrix Because both intinia and 
media are extiemelj thin, these tivo layers are frequently taken as one The 
tunica adventitia is the thickest layei and is composed of loose collagenous 
stiands caiiying a delicate elastic netivoik This elastic netvoik laiies m 
thickness fiom two to foui fibiils deep, and in some areas is totally absent 
A vude cleft separates the rein from the thick, coaise collagenous bundles 
composing the fascial sheet 



Flp 1 

111 the fiist phase of the cxpeiinient it was desiied to deteimine the fate 
of flesh jugulai lein segments buiied on a fascial bed Segments of extcinal 
lu^ilar icm measunng fiom 6 to 8 cm in length wcie sewn as rectangles on 
tascia in eight expeiiments In 9 to 24 dais le entn of these sites disclosed 
serouslike camties with smooth and glistening suifaces (Fig 3) 

ilicroscopicallv, the original i enous endothelium and subintimal laier had 
disappeared and were leplaced bi a loose pioliferation of fibioblastic elements 
forming a fibioseious lining The identifiable lemnant of original lein is the 
naiiow fibroelastic laier immcdiatelv oier the unchanged intact fascia 
Stains for smooth muscle identification leieal seatteied smooth muscle cells 
which may oi may not be in ielation to prolifeiating capillaries (Fig 4) 

Grosslv, the autologous tubes after implantation with stents for periods 
ranging from 7 to 52 davs retained the tubular shape of the stents and had 



CHUX ET AL COMPOSITE 


VEN01ASCIA.L AUTOGRAPTS 


283 




Fie 2—Photomlcroeraph ot fresh external JUBular \eln segment and fascial bed (con¬ 
trol) E\ Endothelium 1I\ musculatis At adventitia of vein Fas collagenous bundles 
of fascia, (Hematoxylin and oosln stain ) 




Hfr 3—TwonlA two 


impHntaUon of Jupulnr \eln sepnients 
serous transformation of surcical ca\ itj 


on fascia showing flhro- 




Fig- 4 —Photomicrograph of 22 daj o 
lajer ^\Ith flbro^erou** lining wlilch has r 
flbroelastlc la>tr C sur\I\ing fascial Ia\e 
and fusion of \enous and fascial lajers 
Homato\>lIn stains) 


^ brocellulnr 
ng \cnous 
n Injer B 
\cld and 



5 _One dn\ old aortic tran«?plant after 24-day Implantation 

F nbrin deposit on graft lining G persisting nbroelostlc venous layer 
(Wcigerts elastic stain) 


L/ Aortic lumen 
Fas fascial Jacket 
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firm. Avails and margins -vAhiefi cotild be manipulated and sntiued The plastic 
stents slipped out easdr and the tubes A\eie kned ivith a gbstemng membrane 
ilicroseopicaUy, the coUagenous bauds composmg the oiigmal fascial bed 
are ivell preserved and viable Three lavers are endent the external heaw 
collagenous fascial jacket the fibroelastie remnant of the oiiginal venous u all 
and an mternal fibroseious hmng lesting on loose fibrocellulai elements (Fig 

5 ) 





dunctional Tissue 



B 







286 


THE JOURN'AL OF THOR \aC SURGERY 


a thin fibnn lajei Eeconstiuction and lesui facing of the giaft proceeds 
eentripetally fiom the junctional host tissue at the anastomotic lines and 
creeping endothehozation is giossh eiudent at three necks The center of 
the graft, theiefore, is the last zone to be coieied In piolifeiating host eiido 
thebum 

Jlicroscopicalh, nitliin the fiist ti\ enti-four houis endothehozation In 
ingionth of junctional tissue begins (Fig 6) The aoitie stieam coiers the 
giaft lining mth a thin fibrin laj ei and leplacement of the giaft fibroseious 



Fig 7—An aortic graft 121 da>s old 
replacement D original flbroclastlc ^enou8 
Jacket. (Hematoxjlln and cosIn stain) 


4 Cellular lajer the product of Junctional tissue 
lajer C original collagenous bundles of fascial 






jrjg- g—Gross appearance of 121 daj old aortic graft, 

lining proceeds bv fragmentation, hi aline degeneration, and absorption The 
proliferating aortic endothelium cientiialh completeh lelnies the groft (Fig 
7) The original fascia and fibroelastic i enous laj er surni e 
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Tile eATclence of degeiieiati\e changes nas chaiaefeiized by nucioscopic 
calcific deposits iii one giaft at 70 daAs In tliice giafts focal lu aline deposits 
yeie found at 33, 37, and 70 dn 3 s Theie nas slight dilatation in one graft 

DISCOSSION 

The seaich foi a leadj' souice of autogenous giafts is yell expiessed In 
Sausage and Haikins’^ ssheii they state, “The hspothesis that fiom small 
seins one could make a laige calibei giaft nhieh, ylien piopeilj^ suppoited, 
noiild not undeigo dilatation is most attiaetne Such giafts noiild haie the 
dual adiantages of aaailabilty and aiitogenicitv ’’ The composite aiitog 
enous tubes fashioned and tiansplanted into the aiteiial stieam in this e\ 
peiimeutal investigation have tested this hypothesis and demonstrated the 
aiailability of tubes yhieli can be eieated as to inecalciilated dimensions, 
stiength, and contoui 

Experimentally, liability chaiactenzcs autogenous aoitic giafts nhile 
host eoniieetue tissue leplacement oceuis in homologous tiansplants In this 
stuch the siuinal and peisisteiice of the \ enous and fascial elements and the 
loy incidence of degeneiatne changes aie piomising as to long teim prognosis 

The fate of the i enous intinia is uiiequnocabh death The fibioseioiis 
lining yhich leplaces the ; enous nitiuia is in tuin leplaccd by the aoitic 
endothelium in the aoitic stieam 

One giaft in this senes yas found to ha\e significant dilatation Hoy 
evet, dispiopoition betyeen giaft and the iccipient aoita was pieialent 
initially in the stiuh until the faetoi of dispiopoition yas appieciated 


SPSIJIARl 

1 An expeiiment to test the feasibility of foiming composite autologous 
tubes yas undeitaken 

2 Nineteen such lenofascial tubes yeic lecoieied and tiansiilanted into 
the thoiacic and/or abdominal aoita 

3 The fate of the i enous and fascial elements is one of sunuial except 
foi the 1 enous mtinia, yhich disappeai-s caih In the aoitic stieam, proliferat 
iiig pinctional tissue icsiii-fnces the giaft lumen y ith endothelium 

4 A method foi fashioning composite leiiofascial tubes for aifciinl 
tiausplantatioii is piesciitcd 

REFFRFNCnS 


1 Alexander T,andBiron, i X Aortectoiry for Tliorncic Aneunsm, T A At A 126 
1130 1014 

” Bnlison Henrv T Definitive Trentinont of Snccuinr Ineunsras of the Aorta With 
Ixcision of Sac and Aortic Suture Sure, Gj ncc i, Ob«t 96 3S3 402, 1053 

3 Rpnnnn J K. and IIull, T F The Treatment of Aneumsms With Fibroblastic 

Vents, Sure, GvncL 340 1952 

4 Blakeniore A H Tin. Clinical Bchavnor of Arteriosclerotic Aiicnripms of the Ab 

dominal Aorta A Rational SurRical Thcrapi, Ann Surg 126 195, 104" 

5 Carrel A Tjltimate Recull'' of Aortic Trao'-plantation J Exjier Af 16 3S0 391, 1012 
0 Carrel Ale'cic The Surperi of Blood A ecseF, etc, Tohns Hopkins Hosp Bull 190 

IS 2S, 1007 

7 Carrel, A Results of the Permanent Intubation of the Thoracic Aorta, Surg, Gvnec 



CHTJX ET AL 


CO'MPOSI'EE TITKOFASCIAL. AUTOGRAFTS 


289 


10 


Coleman. C C. DetexW. « Sol 

Preserved Aortic Homografts, Ann . Surg 134 obb, inol „ _ < r „i 

Cooke F X Mes, C IV, Jahnke, H J and Seelv, S F Homologoim Arterial 
^ GrSts and Autogenous \ em Grafts U-ed to Bridge Large Arterial Defects in 

Han, Su^em 33 1S3 189,^19^3^^^^^^^^ ^ ^ E^enmental Studies m Delayed 
^"^Homologous Arterial ^fting HtiUzing an Intra arterial Tube Shunt Surgica 
Forum 28 ■’”88, 1950, Philadelphia, 1951, W B Saunders Company 
11 Detakats, G, and Alarshall, H E Surgical Treatment of Arteriosclerotic Aneurisms 
of the Abdominal Aorta, Arch. Surg 64 30< 319, 195- * , e, a 

1" Deterhng, E A, Jr, Coleman, C, Jr, and Parshlev, ^ S E^erimental Studies 
o/rte Frozen Homologous Aortic Graft, Surgery 29 119^^ 

13 Doisen, E and Lytchkowskv Chirurgie des Vaieseaux et du Coeur Presse mdd 31 

9S7, 1913 ' , * in 

lA Dubost, C, Allarr, H, and Oeeonomos, H Eescction of an Aneurism ot the AD 

dominal Aorta, Arch Surg 64 405-408, 1952 e,. it. o 

15 E 3 te% E J, Jr .Abdominal Aortic Aneurysm, A Stud\ of 102 Cases, CirculaDon 2 

258, 1950 , , XI 

16 Everson, T C, and Southtnck, H W Growth of V ascular Grafts in Growing Es 
perimental Animals, Arch Surg 63 576 582, 1951 

Gnndlay, J H., and Waugh, J AL Plastic Sponge Which -Acts as a Framework for 


17 


IS 


21 


23 


Living Tissue, Arch Surg 
Gross, E E Treatment of 


63 288 297 1951 

Certain Aortic Coarctations by Homologous Grafts, a 
Eeport of 19 Cases, Ann Surg 134 753 768, 1951 

19 Hufnagel, C A Eeseetion and Grafting of the Thoracic Aorta With ALnimal In 

temiption of the Circulation Bull Am Coll Surgeons 34 38, 1949 

20 Hufnagel, C A. Permanent Intubation of the Thoracic Aorta, Arch Snrg 54 382 389, 

1947 

Johnson, J, Kirby, C K., Alan, AI W, and Hagen, W The Growth of Vena Cava 
and Aorta Grafts, Surgery ^ 726, 1951 

Johnson, J , Kirbi, C, and Hardy, J I) Aneurrsm Formation in Experimental Vein 
Grafts in the Thoracic Aorta, Surgery 33 207 212, 1953 
Johnson, J, Kirby, C E2, Greifensteim I* E, and Castillo, A The Espemnental and 
Cbnical Use of Vein Grafts to Beplace Defects of Large Arteries, Surgery 26 
945 956, 1949 

24 Klotz, 0, Pennar, H H., and Guthrie, C G End Besults of Arterial Transplants, 

Ann Surg 78 305, 1923 

25 AlacPherson, A S, Kabatoff, E A, Deterling, B A, Jr, and Blakemore, A H Ob 

sen ations on Use of Preserved A’^enous Homografts in Experimental Aortic 
Defects, Arch Surg 63 152, 1951 

20 AlcCune, W S, and Blades, B The Sebabibtv of Long Blood Vessel Grafts, Auu 
Snrg 134 769, 1951 

27 ALller, H, H Callow, A- D , A\ elch, C S and MacHahon, H E The Fate of Arterial 
Grafts in Small Arteries an Experimental Studv, Surg Gynec t Obst 92 
581 5SS 1951 

2S Kabatoff, E .4, and Touroff, S W The Maximal size Vem Graft Feasible in the 
Bcplacement of Experimental Aortic Defects Long Term Observations Con 
ceming the Function and Ultimate Fate of the Grafts, Bull Kew Tork Acad 
Med 28 616, 1952 

29 0’>.ciU T F The Effect on A’^enous Endothebum of AlteraDons in Blood Flow 
Ihrough the A easels in A em Wall, and the Possible Belation to Thrombosis, Ann 
Surg 126 2.0 287, 1947 ' 

Peirce, EC Autologous Tissue Tulies for Aortic Grafts, Surgerv 33 648 651, 1953 

Un ^ Cox, A. G Studies in Aortic Autograft and Homo 

graft Do Homografts Survive’ Angiology 3 306 316, 1952 
ako, 1 , and Aarco, B L Long Term Observation of Autogenous Pericardial and 
^^e_nous Grafts in the Thoracic .Aorta, Surg Forum. Clinical Cong Am. Coll Surg, 

r „ ,b. 

34 ^ 99^ Ha^kius H X An Experimental Studv of the Effects of Pres 

Tr Am S A 70 143 162 1953' in the Growing Pig, 

'^'’Y^sc^u.V“"TU^“pra“n?t7or^rfdgin^ of Tree 

'' rnfl’uLcI of D,a:ue?or^D,stro'poft^n and ofSgfh The 

turns m Vntogenous Ainous Grafts m the Abdo^niinal 


30 

11 


33 



290 


THE JOURVAL OF THORACIC SUKGERl 


iT Shuraaclier, H D, Jr The Problem of ATnmtaining the Continuity of the Arten 
in the Surgery of Aneurysms and Artenoy enous ihstulae, Ann Sure 127 207 "30 
1948 

38 Shumacher, H D, Jr, Schloss, G, Freeman, L W, AVajson, E E, and Stable, X H 

Vascular Eepair, E\ponments With Use of Free Venous Transplants for Bndgiug 
Aortal Defects, Yale J Biol Jled 23 81 93, 1950 

39 Syvau, H, Robertson, H T, and Johnson, hi E Arterial Homografts, I Fate of 

Presery ed Aortic Grafts in Dogs, Surg, Gynec i. Obst 90 oGS 579, 1950 

40 Watts, Stephen, H The Suture of Blood Vessels, Implantation and Transplantation 

of Vessels and Organs An Historical and Experimental Study, Ann Surg 46 
373-404 1907 

41 Wylie, E J, Kerr, E, and Danes, O Experimental and Clinical Experience With 

the Use of Fascia Lata Applied as a Graft About Major Arteries After Thrombo 
endarterectomy and Aneurysmorrhaphy, Surg, Gynec, A Obst 93 257, 1951 

DISCUSSION 

DR EGBERT H FELL, Chicago, HI —I ivish to encourage the further yrork on crea 
tiou of autogenously y essels We, too, haye used homogenous aortic grafts and Inye beta 
pleased yyith the early results You all hnou the unhappy results encountered intli all classes 
of tissue grafts of homogenous origin That is ivhy Dr Chun and Dr Forney have yvorked 
so diligcntlj , I haye seen the vessels they created and ivould noyv be yyillmg to utibze such 
an autogenous created vessel of vein and fascia ns a substitute in the human aorta It is 
autogenous, it is living material that iiill live, and should bear up for many jears The sub 
stitutcs of plastic matcnals that are now being used, particularly those brought out by Dr 
Blakemore, may make this procedure obsolete Hoyyevcr, more time will be needed to proyc 
that Wlien uo knou how to transplant homogenous tissues, this procedure uill be obsolete 
again, until then, however, I believe greater effort must be concentrated along this line 



EXPERBIEXTAL ESOPHAGOGASTEECTOJIY EVALUATION OF 
ASSOCIATED GASTEIC-DRAINAGE PKOCEDUEES 


IBrold V- Neuman, M D , C M * (by inmutation), 
P Henry Ellis, Jr, il D (ba lmutatiok) 
Rochester, j\Iinx 


T* SOPHAGOGASTREGTOilY as peifoimed cbmcalh is fiequeutlv compli- 
lli cated by the development of acid-peptic esophagitis ’ ‘ It has been demon¬ 
strated eNpenmentally that esophageal mucosa is extiemely sensitive to the 
eftects of acid gastiic juice ■* “ Esophagogastiectomy vuth lemoial of all the 
acid secietiug poition of the stomach is larely foUowed by esophagitis in the 
dog* ® A pievious study" deinonstiated the distinct adiantages of a pio- 
ceduie foi the facilitation of gastnc diainage earned out at the time of 
esophagogastiectomy These include a ledueed mcidence of postoperatn e 
lomiting, mamtenance of bettei nutiition, and longer postopeiative suiiuval 
Piloroinyotomv vas the only gastnc-diainage proceduie used in that study 
The present study vas uudei taken piimanly to compaie the results of 
lanous gastnc dramage pioceduies peiformed in association inth esophago 
gastrectomy in ■which the entiie acid-secieting poition of the stomach Mms re¬ 
moved The study m as extended in an attempt to ei aluate the possible pro- 
tectiie effect of these gastiic-diainage pioceduies against development of 
esophagitis uhen acid secreting stomach lemained after esophagogastiectomy 


methods 

Adult luougrel dogs laniug lu weight from 0 7 to 19 kg were used Esophagogas 
trectonn was earned out under anesthesia induced by intravenous administration of pento 
bnrbital sodium, the technique has been described previously" Bnefly, this consisted of 
mobilization and resection of portions of the stomach and esophagus through a thomcotomi 
incision The vagus nerves were divided A tube of remaining stomach was fashioned b\ 
closing the lesser cun ature portion End to end nnastomosis between stomach and esoph 
ngns was carried out 

The amount of stomach rcnioi ed from the various groups of dogs is shown diagram 
maticalh in Fig 1 In Groups 1, 2, and 3, the stomach was transected at the proximal 
level of the antrum, thus remosing the entire acid secreting portion of the stomach Total 
gastrectoms and esophagoduodcnostomi were performed in Group 4 In Groups 5, 6, and 
I, only 70 to SO per cent of the ncid secreting portion of the stomach was resected. 

Piloromaotomi vas performed in Groups 1 and 5 A long incision was made over 
the antrum, pilonis, and duodenum, all the laiers superficial to the mucosa were carefulh 
incised so that the piloric sphincter nas elTectiveh duided and the mucosa pouted out 
tliroiigh flic incision 

Surne?i''^nt Mont?oM’'Q‘uc^'^Maf's’m' American Association lor Thoracic 

nochc.rcr'"Mlnn Foumlatlon Graduate School ot the Unliersltr of Minnesota 

l.r K»»earch. Maio Clinic and Mayo Foundation Roches- 
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P^loroplastj was performed m Groups 2 and G A longitudinal incision through all 
lajers rras made o\er the antrum, pylorus, and duodenum The incision was then closed 
in a transverse direction with an inner running catgut suture and an outer Inver of m 
terrupted silk sutures 

Antipenstaltic gastrojejunostomj was performed in Groups 3 and 7 The jejunum 
at a point just bei ond the severed ligament of Treitz and at a point approximateh IS cm 
from the pylorus was anastomosed to the anterior wall of the most dependent portion of 
the remaming stomach Anastomosis was earned out mth an mner running catgut suture 
and an outer laver of interrupted silk sutures 



Hg 1 —T>pcs of opcmtlie procedures done In the larlous groups of dogs Tlie sliailed area'* 
Indicate the amount of stomach resected 

In all groups, the newly constructed esophagogastric or esophagoduodenal annsto 
moses were placed well within the thorns. Results in Groups 1 and 5 hate been reported 
previouslv ’’ 

Postoperati\elv the dogs receued nothing but water bv mouth for two davs The) 
were then giien one feeding a da\ of a standard kennel ration Studies of the gastric 
secretorv response to histamine were made in Groups 2, 3, G, and 7 before death of the 
animals The animal was fasted on the morning of the test, 20 minutes after the sub 
cutaneous injection of 1 mg of histamine diphosphate, the stomach contents iicro aspirated 
and titrated for free acid 

RESULTS 

A total of 44 dogs Mas used The lesolts ate sunimaiized in Table I 


Table I Esopilvcog isTTECToin wp Fsopilvgitis in Dogs 



rnr cent of \cid 

SECrmNG STOMtCII 
FESECTFn 



1 ESOPHAGITIS AT NFCnOPSl 

Group 

\CE ^ 

1 rROCEDirr 

DOGS 

; LI\T1\E 

1 0\l\ 

IILCEr.S* 

NONF 

1 

100 

Pvloromvotoni\ 

s 

2 

0 

G 

o 

100 

Piloroplasts 

J 

1 

o 

o 

3 

100 

Gastrojejunostomy 

G 

0 

5 

1 

4 

Total gnstrectoniv 

Ksoplnj;oduodono«: 

tomv 

5 

4 

0 

1 

5 

70 SO 

Pyloronn otomy 

G 

3 

3 

n 

0 

70 SO 

Pyloroplasiv 

0 

O 

3 

0 

7 

70 SO 

Gnstrojojuno«tomv 

8 

1 

7 

0 


• Ml dogs ulth ulceratl'e esophagitis had n-ssoclated linear esophagitis 
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Group i—Eight dogs iiudeiweut concomitant pyloiomjotomy and esoph- 
agogastrectomy ivith remoAal of all the acid-secietmg portion of the stomach 
Post opera tive Aonuting was not a maoor problem in this gioup All the ani¬ 
mals lost Aveight but not as much nor as rapidly as in the othei groups Two 
dogs died 23 and 25 days after operation, necropsy did not leyeal esophagitis 
or the cause of death The remaining 6 weie killed by an oyeidose of pento¬ 
barbital sodium from 95 to 137 days aftei operation A minimal degree of 
Imear esophagitis uas obseiwed in 2 dogs, the remaimng 4 showed no esopha¬ 
gitis Thus, of 8 dogs m this group, none had significant degrees of esopha¬ 
gitis 




ncid sccretfnT” Portion*’ o^^^tom'ach seven months after resecUon of entire 

present at necropsy 31 days after ??secS?,n Pyloroplasty 6, Esophageal ulcemion 

concomitant BastroJeJunostomj esecUon of entire acld-secreUng porUon of stomachand 


...g -<os more £re,„e.,t end more sere.e th„„ the dogs m GrZ 1 itlZ 
lost s, eight Three dogs died o£ inomt.on 42 Co aodTl 

... -> The other 2 dogs .... fklcrouZ'dgSj IT' a 

tc.cnieil ..Icerali.e esophagitis ii. 1 m,, j ® “P'™*'”"• leeropsv 

the othei Thus of 5 dogs *> had esonhno-e^l i "”i ^ esophagitis in 

^ ‘"'ophageal ulceis and 1 hod esophagitis 

•gogsr;,:.- 

Q ■■<40 cl 
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consistent featnie o£ the postopeiative comse, and rapid loss o£ neight oc 
currecl in all dogs in this group Fi^e animals died of inanition 15 to 93 dais 
after opeiation, neciopsy leiealed ulceiative esophagitis in 4 (Fig 2, b) and 
no esophagitis in 1 dying at 44 dajs The sixth dog died 31 da-ys aftei open 
tion, necropsy reiealed esophageal ulceration with peifoiation of an ulcer 
into the pleural canty Thus, 5 of the 6 dogs in tins gioup had esophageal 
ulceration 

Gioup 4 —Five dogs undeiwent total gastiectomy and esophagoduode 
nostomv The purpose of this pait of the study uas to make a comparison he 
tveen the lesults m dogs which had alkaline intestinal contents in diicet com 
munieation inth the esophagus and the results in the afoie mentioned three 
gioiips, in which a gastiic segment intencned hctvcen the esophagus and the 
small intestine The incidence of postopeiative vomiting in this group vas 
conipaiable to that in the dogs in Gioup 2, in which csophagogastiectonn and 
pyloroplasty were perfoimed Loss of n eight occuiied in all animals Tvo 
dogs died of inanition 25 and 100 days after opeiation, the lemaining 3 verc 
killed 90, 135, and 168 days after opeiation Neciopsv iCAealed no esophagitis 
in 1 and linear esophagitis in 4 

Group 5 —Six dogs undeiwent concomitant pyloionn otomj and esophngo 
gastiectomy ivith removal of only 70 to 80 pei cent of the aeid-secietiiig por 
tion of the stomach Vomiting occuired in some of these animals Imt vas not 
so frequent or so sei eie as in the dogs in Group 3, in which gastrojeinnostoniT 
vas pel formed in association vith remoial of all acid seeieting stomach Four 
dogs died of inanition 56 to 147 days aftei opeiation, the remaining 2 vcie 
killed 122 and 127 days aftei operation Neciopsy leiealed lincni esophagitis 
in 3 and ulceiative esophagitis in 3 In 1 of the lattei, an ulcei had peifoiutcO 
into the mediastinum, in anothci, esophageal ulceration had resulted in fatal 
hemoiihage Thus, all 6 dogs had esophageal damage 

Gioup 6 —Six dogs iindeivent concomitant piloioplastj^ and esophagogas 
ticctomy inth removal of 70 to SO pei cent of acid secieting stomach The 
incidence and seseritv of postoperatne lomiting veie gieat and lather lapid 
loss of Height occuiied in all dogs in tins gioup Thiec animals died of m 
anition 49 to 63 days after opeiation, neciopsj leiealcd linear esophagitis in 
1 and esophageal ulceration in 2 (Fig 3 a) One animal died 22 dais post 
operatiicli fioni peifoiation of an tilcei on the posteiolateial iiall of the 
esophagus into the thoracic aoiti, inth fatal hemoiihage The remaining 2 
dogs 11 ere killed 54 and 97 dais icspectiieli aftei opeiation, necropsi re 
vealed seierc linear esophagitis m both Thus, of 6 dogs, 3 had esophageal 
iilccis and 3 had esophagitrs 

Group 7 —Fight dogs undcincnt concomitant gastrojejunostomi and esoph 
agogastrcctomi inth remoial of 70 to 80 pei cent of acid secreting stoiiiaeh 
Postopeiatiic lomitnig iias iiioio scieic and loss of i\eight more rapid in these 
dogs than in those of ani of the pieceding groups F3i c dogs died of inanition 
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15 to 40 days aftei operation, ueciopsy revealed ulceiative esophagitis in 4 
(Fig 3, h) and seieie bnear esophagitis in 1 Death occuired in another dog 
23 dais aftei operation from perfoiation of an esophageal nicer mto the pleural 
caiitv The remaining 2 ammals veie killed 17 and 56 days, respectively, 
aftei opeiation, neciopsv levealed ulceiative esophagitis in both Thus, of 
8 dogs, I had esophageal nleei’s and 1 had esophagitis 




or acid secretlng^ 


C'oiisidenii" all cmnuK 

10 iciiiniii thni. in II,o« “creting stomach «as nlloiiei 

"Inch gastiojepiiiostonn vas used tn f shoitest in those animals ir 

oloiin Mith lemonl of all aeuUrcretinrslo"^'' diainage Pyloromy. 

'nimtciiaiice of nutntion and longei sunnnrr“ "^'^ompanied by bettei 
cedures - «al than m ere am of the other pro- 

Results of the studies of gastric seni t 
'nxed 111 Table 11 response to histamine are sum- 
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Tabij: it Gvstric Secretory Eespo\se to Histvmine After Esophagogvstrectomt 


1 

GROUP 

PEP CENT OF vein 
s^cRFn^^ STO^rveu 
resected 

DRAINAGE 

PROCEDURE 

DOGS 

TESTED* 

FPEE 

present I 

\CIP 

absent 

o 

100 

Pi loroplasty 

3 

0 

3 

3 

100 

Gastrojejunostomy 

3 

0 

3 

6 

70 so 

Pi loroplasty 

6 

2 

4 

t 

70 so 

Gastrojejunostomi 

7 

3 

4 


•Allnitnum of t^^o estimations per doe 


COtniENT 

It has been suggested that pt loioniTOtomt nould be of talue in the pre 
vention of the gastiic letentiou that uiaA follow esophagogastrectomy and 
1 agotomy ® Othei cbnicaP®’ ” and eypenmentaP lyork has supported this 
yieAy Otheis haye adyocated gastioenteiostomy foi this purpose when esoph 
agogastiectomy is peifoimed’= TVangensteen” has adnsed against peiform 
ing a Heineke-Mikiilicz pyloioplasty undei such circumstances because of the 
possibility of fiee leguigitation of alkaline secretions fiom the duodenum info 
the esophagus leading to esophagitis 

The damaging effects of alkahne secretions on the esophageal mucosa haye 
been well demonstiated expeiimentally® The lesults of the present study 
confiim these finduigs Esophagitis or esophageal ulceis deyeloped in 12 of 
16 dogs m winch the eiitiie acid-seeietiiig poition of the stomach was rcmoyed 
and alkahne regui gitation facilitated by a Henieke-Mikubcz pyloroplasti, by 
a gastrojejunostomy, or by total gastiectomy and esophagoduodenostoniy 
That the esophagitis was not due to acid has been demonstrated by the initial 
extent of resection and the failure of histamine to stimulate the gashic rem 
nant to secrete acid It can be assumed, therefoie, that the esophageal changes 
were caused by leguigitation of alkaline secietions into the esophagus 

Pyloromyotomy performed in association wuth esophagogastrectomy and 
rcmoial of the entire acid-secieting poition of the stomach resulted in minimal 
esophagitis in only 2 of S dogs Somewhat similar findings haye hceii reported 
by Cl OSS and Wangensteen = Appaiently legiirgitation of alkahne secretions 
IS not so likely to occur wuth this type of gastiic diainage pioceduie ns with 
pi loroplasty or gastrojejunostomy 

Esophagitis deyeloped in 4 of 5 dogs in which total gastrectomy and 
csophagodiiodenostom-v were peifoinied The esophageal changes howeier 
w ere less sei ere than those occurring in Groups 2 and 3 in w hich the drainage 
piocediires of pvloroplasti and gastiojejiinostonn were employed in conjiinc 
tioii wuth lemoyal of the entire acid-secreting portion of the stomach The 
most seiere esophageal damage due to alkaline i egui gitation occurred in dogs 
111 which gastiojejiinostonn was eniploicd foi gastric drainage It is difilcnlt 
to explain win esophageal changes as the result of alkaline regurgitation were 
less seieie when the esophagus and duodenum wcie in direct conimunicafioi’ 
than when the antrum intencned as i resell on between the esophagus and 
small intestine 
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Previons e\penmeutal studies hare slioTra that one must resect the entire 
acid-seeretmp portion of the stomach to preient acid-peptic esophagitis J 
We theorized that gastnc-di-ainage procediues done in association inth esoph- 
a-ogastrectomv m ivhich a portion of the acid-secreting stomach remained 
ought protect'agamst the development of acid-peptie esophagitis Such pro- 
tecnon might be afforded hr neutralization of acid gastric contents hr re¬ 
gurgitation of alkalme mtestinal contents Further moie a procedure facdi- 
tatmg gastric emptvmg might he expected to shorten the time during ivhich 
ingested food uould be m contact inth the antrum thus shortenmg the gastric 
phase of gastric secretion. 

Einliik and 3Iereudmo‘^ “ found that neithei pvloromvotomv nor gastro- 
enterostomv performed m association avith esophagogastrectomv and removal 
of the upper 50 per cent of the stomach ivas ot value m preventing the develop¬ 
ment of esophagitis On the other hand recent studies bv Bracknev and as¬ 
sociates’*" inchcated that pvloroplastv is of value in reducmg the mcidenee of 
acid peptic esophagitis attei vagotomv and the Wendel pioeedure in which 
the meehaiusm oi the eai dia is destroved. 

The results oi this stiidv mdicate that no protection is afforded bv anv 
gastnc dramage procedure earned out in association with esophagogastree- 
tomv when acidsecietmg stomach remains smee esophagitis or esophageal 
ulcers developed m all of the 20 dogs undergoing such procedures Since 
gastnc secretorv studies after the subcutaneous in 3 eetion of histamme revealed 
the presence of free acid m less than half of the dogs m which acid-secreting 
stomach remamed it is impossible to sav whether the esophageal changes were 
caused bv regurgitation of acid or of alkalme secretions Somewhat similar 
operations done with pvloromvotomv showed acid consistently present,’* so 
one might conclude that m those dogs m which pvloroplastv or gastrojeiunos- 
tomv uas performed free regurgitation of alkalme secretions prevented re- 
coi erv of tree acid from the stomach The esophageal changes m some of these 
animals mav m fact have been the result of alkalme regurgitation. In anv 
case none of the gastne-dramage procedures emploved m this studv were of 
lalue in preientmg esophagitis whatever the cause when acid-secretmg 
stomach remained 


SOIMARV 


The effect ot a arums gastne-dramage procedures earned out coneomi- 
tantU with esophagogastrectomv has been studied m dogs Pvloromvotomv 
pa loroplastv and gastrojejunostomv were the procedures emploved 

Piloronuotonn m association mth removal of the entire acid-seeretmg 
portion 01 the stomach gaie the best results m terms ot absence of esophageal 
damage maintenance ot nutrition and length of survival 

0 istrojemiiostonn or pi loroplastv performed m association with esoph- 
mogastrectoms oi similar magnitude was foUowed bv a hieh incidence 
esoplnuitis and esophageal ulceration as the lesult of regursnta^ion of alkalme 
M eretions into the esophagus The esophageal damage was more severe inth 
these pro, cd,ires than wath total gastrectomi and osophacoduodeuostomv 
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Gnslioiciimoslonn -was the most unsalisfacton gnstiic dinmnge i)iocc(lure 
fiom Ihc slaiulpoinl of Ihc se^outA of ilic lesiiltiiig esophageal damage, extent 
of postopeinine loss of ^\eight and shoitness of postopeintive sunnal 

Isoiie o[ the gastile dianiage proceduies studied ]iioteetod the esopliagus 
against the de^e]opmellt of esojihagitis nftei esophagogastiectonn -when 20 to 
!0 ]iei eeiit of the neid seeietiiig iioitioii of the stomach lemamed 
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msA psslON 

DP HI PPl P3' 'SPilAIlDI, Pochister Alinn—Dr Xenninii nnd Dr I IPs discni 
much 1 redit for uillmg nltiiitioii to the fnet that snrgunl ixnsion of the cnnlm is fol 
louid In n high iiicidiiiii of nlcirntion nt the i sophngognst rii jiiiiitioii As thei pointid 
out, this oiiiirnd in tliiir urns of dogs mn ihongh the ni id secreting portion of the 
stomneh hnd Pi en e\i meil 

III till I'nsl it hns Pun filt tlint t«o factors nn of prinii iinporlnnee in tin iliolog' 
of this lesion 3 he first is nn inconi])eteiir\ nt the i sophngognst ric junction nhich nllons 
gastric nnd diiodinnl contents to rigiirgitnte freeh into the distnl pnrt of the esoi'hngus 
The sicoiid IS the cheniicnl nature of the secretion -nhicli is nlloiied to regurgitate into the 
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esoplrngns Selve m 193S, found that ga«tni, juice was able to digest the esophagus of the 
living rat In his expemnent, the pilorus was ligated so that the gastric contents were 
regurgitated into the esophagus In aU his animals, hemorrhagic esophagitis developed, 
and in one instance the esophagus perforated from ulceration. A control group of rats 
had both the pvloms and the cardia ligated so that the gastric contents would not be re¬ 
gurgitated into the esophagus In this senes, no such changes were noted. Since that 
tune, manv experiments have been done bv manv worhers, it has been shown that not 
onlv the hvdrochlonc acid of the stomach, but also the alkaline duodenal contents, can 
cause ulceration in the distal part of the esophagus when thev are allowed to regurgitate 
into the esophagus 

I think the most important thing about the work of Dr Xeuman and Dr EUis is that 
thev have emphasized again the hazard of operating upon lesions in the neighborhood of 
the cardia Because of this hazard, I believe it would be weU to avoid surgical treatment 
of benign lesions such as cardiospasm and strictures of the esophagus before the con 
'ervative method of dilation has been given a thorough trial In the past, dilation of the 
esophagus for these two lesions, when properlv done, has given excellent results in a high 
percentage of cases 



PEDUNCULATED ATRIAL FLAPS USED FOR EXPBRBIENTAL 

CARDIAC SURGERY 

AK^OLD E BoTWIN, MD • (b\ 

Kansas Cita, Kan 

T he best matenal foi lepair oi leplaeement of poilions of the heart 
should be a viable segment of that oigan itself Utilizing this concept, a 
method has been expeiimentaUy densed foi constructing a pedunculated atrial 
flap These flaps can be fasluoned without obstiiietion of the normal circula 
ton flov, unthout elaboiate matenal, and without long peiiods of intracardiae 
cxposuie The essential idea is to lotate poitions of the auiicle oier the flap 
and close the base of the defect befoie the flap is dissected fiee This pro 
ceduie ditfeis fiom the “atiio-septo-pexj ” desenbed by Bailey* and the “free 
auiiculai giaft” described bj Cohn- in that this flap has a pedunculated base 
for blood supply and a free end uhieh is simng into the cardiac chamber for 
an mtracaidiac repair 

It IS beliei ed that this procedure mai have adi antages over expenmental 
methods euiieutly in use foi lepaii of septal defects because ( 1 ) septal de 
feets can be lepaiied fioni the left side (a) alloying the increased left auric 
ulai piessuie to hold the flap against the septum and (b) allomiig an area of 
auncle to be used which mil not result in damage to the conduction sjsteni, 
( 2 ) large septal defects can be eoieied mthout constiiction of the atiial 
chamber , and (3) a viable and probably longer lasting lepaii results The 
atiial flap uhen used as a sling for mitral insufficiene-\ is supeiioi to a pen 
cardial sling because it does not cause obstruction oi caidiac failure bnt it 
does undergo moderate fibrosis and decrease in size AVhethei the atiial sliiig 
letains function after a prolonged peiiod has not 3 et been deteimmed 

This pieliminaiy article coi eis the results of the use of pedunculated flaps 
in ten dogs y ith expeimiental inteiauiiculai septal defect and in ten dogs y ith 
expenmental mitral nisufficieucy 

ilETHOD 

Large mongrel dogs given endotracheal anesthesia i\ ere placed in the right aiitero 
lateral position A left fourth intercostal thoracotonij v as done and the pericardium 
opened The auricular appendage vas grasped at its tip and pulled antenorlv, tenting it 
up, and a thin curved noncrushing clamp applied transverseh at the base ns close to the 
septum as possible (Fig 1, A) Tuo parallel longitudinal incisions Mere made through the 
auricle leaving the center section the Madth desired for tin flap (Fig 1, IS) The Imo lateral 
segments ivere rotated toirard each other o\er the anteiiot surface of the middle section 

From the Sur^icAl Research Laboratory LnI\crsJty of Kansas School of ‘Medicine Kansas 
Clt^ Kan 

Rond At tlie Thirtj fourth Annual "Meetlnp of The Vmf'rican vVasocIatlon for Thoracic 
Sunrorv at "Montreal Quebec "Nfaj 3 to 5 1954 

•Resident In Surger> Lahor^lty of Kan‘»as School of AledlcJne Kansas CItj Kam 
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of tlo firat cutur. Im. to^^rd the auncular t.p, thcrebr part.allv dosiag the annele e 
(ho future flip (Fic 2 J) The clamp was remo ed aud replaced transver^^elv on 
lateral wall of the auricle ctagmatmg the distal segment of the flap at the desired tm: 
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(Fig 2, 2>) Tlie tip of the flap was cut free and placement sutures were taken at the desired 
location (le, at the tip for mitral insufticienci or at each edge for septal defects) (Fig 
2, C) A purse string suture was placed proximal to the clamp and the clamp was removed. 
Mith bleeding controlled bv the purse string suture, the flap and placement sutures were 
passed into the auncle and the placement sutures pushed through the posterior wall of the 
auricle or ventricle at their desired location, using a flexible probe as a needle Aloderate 
traction held the flap in place while the auncle was closed The iilacement sutures were 
threaded on noodles and anchored bi tving over a small bite of tissue (Fig 3) 

ilitral insufficiency was produced bj blindlj cutting the anterior mitral cusp until 
a dilatation of the auricle was seen, a definite thrill was palpable, and on increase in atnal 
pressure was measured The distal end of the flap was pulled through the posterior ven 
tricular wall about 2 cm from the apex as near the septum as possible Alhen the tip of 
the atrial flap was visible on the surface of the i entriele, it wns anchored by two sutures 
of black silk 


MITRAL VALVE SLING 



PEDUNCULATED FLAP OVER 
INTERATRIAL SEPTAL DEFECT 



Fig 3—Final position of pedunculated flap A To posterior \cntrlcular wall for mitral In 
sufllclcncj B To the posterior yinll of left atrium for atrial septal defect 

‘Septal defects were made bj compression of the supenor and infenor vena cay a and 
excising 0 7 to 1 0 cm of the interatrial septum under direct yision from the right chest 
The right auricle and the right chest yverc closed and the repair yyns made from the left 
atrium at the same operation The edges of the peduncuh ted flap were anchored by two 
or three sutures placed by touch through the posterior yyall of the left atrium immcdinteh 
medial to the superior yena cava and medial to the infenor vena cava Care was taken to 
ay Old the pulmonary yeins and coronary «inus A technirjue for repair using the right 
atrium has also been used Postoperntno care consisted of n daily intramuscular injection 
of GOO 000 units of Ciysticillin for one week, and routine diet The dogs were sacrificed 
three months after operation 

RFSULTS 

Vifin? Zit sit ■(Retell Cl/—Of the ten clogs thnl had shngs for initial insiif 
ficiency, three yyeie found to hn\t Ind detacliment of the tip ynth ictraction 
of the flap against the atrial ytall One dog died in tito flats of myocardial 
infarction due to laceration of the ycntncle at the time of cutting the cusp 
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Sly ^^ere found to have intact slings, but the sbngs u ere i educed m uudtb and 
moderatelv fibrotic (Fig 4) Tivo of the sly were adherent to the lacerated 
cusp and one had twisted upon itself and had the appearance of a fibrous cord 



FIs’ A — \lrlal flap 1 ac a «nng: for mitral Insumcienc\ A. Appearance two davs 
after operation Pointer sho\\inff flap without marked edema, necrosis or thromhosls B 
Thnv* months after operation Flap showing reaction in size and moderate fibrosis 



■’1 \pp'a^^ce^frorc^'r^Bht ^\ir!cle pedunculated flap 

left auricle rhonlnc flap cohered brcnd^^aiiSr*"^ complete closure 


^ree months after 
B Appearance from 
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Eemforcement of the distal one-half of the flap inth a iiinnmg silk suture im 
pioved the sunival of the tip of the flap at the site of attachment Wider and 
shorter flaps ai e now being tiled 

Pressnie studies made at time of opeiation demonstiated a 4 to 6 cm of 
saline atrial pressnie befoie laceiation of the cusp, 25 to 30 cm after lacern 
tion, and 6 to 9 cm aftei placement of a pedunculated sling If piessure uas 
not reduced, the flap was not coriectlA placed and leplaeement of the flap re 
suited in loweiing of the piessuie The apical s 3 stolic muimur uhich lesultcd 
fiom the laceration of the cusp peisisted postopei ativelv even though the flap 
lias 11 ell placed 

Septal Defects —Of the ten dogs inth lepaii of a septal defect, nine dogs 
had complete closure of the defect and one had 90 per cent closure There 
iieie no postopeiative deaths due to the pioduction of the flap (Fig 5) 

PATHOLOGY 

The immediate iespouse in the atrial nail and in the pedunculated flap 
lias a mild edema and diffuse infiltiatioii iiith polimoiphonuclear leiikocites 
The endoeaidial sutface of the flap became slightlj thickened and covered inth 
a len thin Injei of fibim The peiicaidial suiface became coveied inth a 
someiihat tluckei lavei of fibim, but theie iias no evidence of thiombosis or 
embobzation At the end of tiio weeks there was evidence of fibroblastic ac 
tintj inthm the flap but viable muscle cells ii ei e present Aftei three months 
much of the flap iias leplaced bj' scar tissue, but viable muscle cells uere still 
seen scattered thioughout espeeialli at the base Some sections shoved mild 
calcification in the peiicaidial suiface vlieie fat vas piesent, piesumablv due 
to local fat necrosis None of the flaps shoved mwomatous change, iigidifi, 
01 clacking as desciibed to occui in peiicaidial slings ^ ^ 

SU'UMARY 

An evpeiimeutal method for the constincfion of an atnal pedunculated 
flap inthout the use of hypothennia, vasculai dneision, or vascular obstruc 
tion IS picsented These flaps mnv be used foi the closuie of septal defects 
fiom the left side and foi the foimation of a sling to paitially alienate mitial 
insiifhcienev Results veie excellent in the lepaii of interaurieular septal de 
fects Each expenments using the pcditlc flap for a initial sling shoved the 
need foi a moie secuie method of nttaclinicnt Lntei experiments using a le 
infoiced tip veie encouiaging but fuitliei lefineimnts aic ncccesniv 
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SYyCHEONOL'S CO^EBIXED ABDOIMIXAL-KIGrHT THOKACIC 
APPEOACH FOE CAECIN0:MA OF THE :MIDI)LE AXD 
UPPEE THOBACIC ESOPHAGUS 


Hawixv H Seiler, H.D (b\ ixvrrmox) 
Ta^lpa, Fla 


T HK technical difficulties encountered when performing esophagectomv and 
esophagogastrostomv for carcinoma involTing the middle and upper tho¬ 
racic esophagus are admittedly less when the right thoracic appioach is used 
This IS especially true m lesions inrolying, or in close prosimity to, the aortic 
arch, m which dissection from the left side is moie hazardous and difficult 
"When the nght-sided approach is used the aortic arch acts as a huttress and 
actually facilitates, rather than impedes dissection Following the original 
suggestion hr Iror Lewis,^ this method of approach was subsequently favored 
by Jlacmanus- and by Kent and Harbison * The original drawback attnbuted 
to the use ot the right thoracic approach was that an associated abdominal 
operation was required in order to mobilize the stomach Although these two 
steps formerly were performed a few davs or a week apart they were soon 
combmed and performed consecutirelr at the same sitting It was found that 
in many instances the patient’s general condition detenoi-ated so markedly be- 
tneen stages that the second operation could not be peiformed. The left tho¬ 
racic approach, as described bv Swcet‘ and bv Garlock ^ is stiE accepted as the 
standard approach to lesions of the caidia and lower third of the esophagus 
Control ersy as to the use of the left thoracic approach versus the com¬ 
bined right thoracic and abdominal approach in lesions of the middle and 
upper portions of the thoracic esophagus has centered around the fact that 
operatii e time is prolonged when a combination of approaches is used as is 
required nhen the esophagus is mobilized from the right side In addition 
criticism has been directed at the fact that an extensive abdonunal operation 
IS sometimes perfoimed and then the lesion found to be moperable when the 
thorax is opened Harnson and Pickett' deteiniine resectabihtv first bv 
entering the chest through an anterior intercostal incision "When the lesion 
IS found to be operable a left upper abdominal incision is made and the cardia 
and stomach mobilized A similar approach has been used bv DeBakev and 
Cooloi,' and bi Conerlv Carlson and ‘^cott' ilathewson and Cohn' as well 
as Gaspar iiul Sindcr’'’ haie aKo stressed the \alue of approaehuig the 
esophagus from tlie rnrlit side 
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Unfoituiiateh, as, emphasized bj DeBake-s and Coolei, a cm atn e surgical 
piocedure can be applied to only a small miniliei of patients nith carcinoma 
of the esophagus since the disease has extended bei one! the limits of total rc 
sectability iii the gieat niajoiitj of patients bi the time siiigieal tientnient 
IS instituted Eaiitch, Bahiison, and Johns'' point out that the fuiidaniental 
anatomic relationship of the esophagus to othei iital stiuctuies and the extcii 
sive intercommunicating hmphatic diainage of these oigaiis aie such as to 
preclude the lecognized pimciples of cancel siiigeiy 

Ill addition to this, the eaili nianifestations of the disease in main ni 
stances are not readily recognized by eithei the patient oi the phisician Pal 
liative surgery plays a defiiute pait in the tieatmcnt of this condition as it can 
alienate the most distiessing symptom, uameh, inability to sii allow Bien 
though prolongation of life might not be gieat, life mar be toleiable if food 
can be taken in a lelatiieh noimal fashion Such pioceduies as palhatne 
gastrostomy and the insertion of indwelling esophageal tubes thiough the car 
cinomatous esophagus can in no wav compare with the comfoit affoided the 
patient whose sw allowing function has Iieen lestoied aftci having once lost it 

The philosophy of tlus matter was peifectly expressed by Chambeilaiii" 
in discussuig the papei by Kent and Ilai bison' at the 1949 meeting of the 
American Association foi Thoiacic Suigeiy at New Oilcans His approach 
has been to considei all esophageal caicinomas as lesectnble in the sense that 
if the stomach can be mobilized, an anastomosis can be accomplished aboi c tlie 
lesion As much of the lesion as possible is then lemoi ed A diiect anastomo 
SIS IS made whene^el possible, but, when the esophageal tumor cannot be ic 
sected, it is bj-passed and the stomach anastomosed to the esophagus aboic 
it In eithei case this lestoies the abibU to swallow and allows the patient 
to live thiee to six months moie happilv than he would with a gastiostomy 

Modifications of the right sided approach wluch haie lariously been em 
ploved include a light anteiioi thoiacic oi light posterolateial incision in 
combination with a left or midhne abdominal incision Cciiical appioach has 
also been used in conjunction with those when indicated foi extiemelv high 
lesions After determimng opeiability thiough a nght postciolateral incision 
Watson, Luomanen, and Goodnei" haie extended this to a light thoinco 
abdominal incision A second opeiating team is used foi the abdominal phase 
of the procedure Out modification has meiclj been in the fact that the ab 
dominal and thoiacic phases of the opciation haie been staitcd simiiltaneoiish 
and perfoimed snicluonoush somewhat aftei the fashion of the British siu 
geons in pcifonning sjmchioiious combined abdominopenncal lescction of the 
leetum" Esophageal caiciiioma is thus appionched with the attitude that 
the lesion will be resectable and if not lescetable a palliatne In pass pio 
cediiic will be done to restore deglutition 

TECIIMQLF 

Two operating teams are emploitd Aftei tlie patient Ins been aiies 
thetized and intubated, he is placed upon the oiieiating tabic with the nght 
thorax elevated at a 45 degree angle lathei than a 90 dcgicc angle ns in the 
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usual left lateral position Position is maintained bv the use of sandbags and 
adbesue strapping The right aim is suspended in an elevated and forward 
position This allows the thoiaeic team md the abdommal team to woik 
simultaneouslr The thoiacic suigeon’s i\ork can be facilitated bv assuming 
a sittmg position Although opeiating position is not optimum foi eithei team 
the inconvemeuee is not significant Most patients are qiute thin and exposure 
is accompbshed isuthout difiieultv 

A rmht posteiulateral mcision beginning m the intrascapular region is 
made oi er the suxth rib as far as the anteiioi asillarv line At the same tune 
the abdommal team appioaehes the stomach thiough a left paramedian inei- 
sion the abdomen is exploied for lamiph node and hepatic metastasis and 
metastatic nodes along the lesser cuivature of the stomach aie remoaed as 
completelv as possible The fitth or sLxth rib is removed subperiosteallv and the 
thoracic cavitv entered The azvgos vein is divided, the mediastinal pleura 
cxteiisiAelv opened and the esophagus appicached MTiile the esophagus and 
tumor are bemg mobdized bv the thoracic team the blood supply to the stomach 
IS divided bv the abdominal team with the exception of the right gastric and 
light gastroepiploic lessels The vascular aiches of the greater and lesser 
cunatuies are caiefullv pieseived This mobilization is siifllcient to allow 
the stomach to be drawn into the apex of the right pleuial cantv without 
tension 


Folloinng mobilization of the stomach bv the abdommal team the esoph¬ 
agus is amputated at the cardia uhich is then closed with two rows of sutures 
a contmuous 000 chromic catgut for the inner laver and a row of mtermpted 
000 silk foi the outer laver Tniile this is bemg done the distallv divided 
esophagus is dravu into the chest bv the thoracic team and a new openmg is 
made in the diaphragm anterior to the mfeiior vena cava The mobdized 
stomach is then brought through the new diaphragmatic openmg This is 
done to aioid possible postoperative obstruction at the gastnc outlet which 
might occur if the stomach weie allowed to remain m the ongmal hiatus 
ITollmgsw orth’-' demonstrated that the hidkv folds of gastric mncosa eoidd 
lesult ni obstruction when compiessed into the small space between the m- 
fcnor acna caia and the leitehral column Seiaons mterfeience with emptv- 
iiig of the stomach can residt paiticidarlv m new of the loss of tone occa¬ 
sioned hi the diMsion oi both vagus nerves One is impressed hv the narrow 
space which exists between the interior \ena caia and aertebi-al bodies avhen 
this area is palpated at the tmie of surgerv After the stomach has been 
iroimht into the thoiax thiouuh its new openmg the old esophaeeal hiatus is 
c osed with sea oral inteiiupted silk sutures hv the ahdominal feam and the 
atulnmtn is then closed 


1 h thoracic portion of the opei-ain c procedui-e is concluded with esophaeo- 
asfrostonn This is pefomed at a level of at least 2 to 4 cm above the 
.ronnnl pa pahle margin of the tumor A site ou the anterior aspect of he 
uudus of the stomach is selected for the anastomosis which is perfomed 
thn uuhout with lutvrruptcd I einhcrt sutures nt 000 or 4 0 silk The first row 
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of sutures includes the musculai coats of the esophagus and stomach, neither 
lumen of uhich has as let been enteied When the postenoi low is com 
pleted, an incision is made into the lumiua of the esopliagus and stomach m n 
paiallel fasluon and distal to the pienously placed lou of sutures Several 
small submucosal vessels may reqiure ligation on the gastnc side The second 
sutuie lov includes all layers of the esophagus and stomach, and is earned 
completely aiound from posteiior to antenor The esophagus is amputated 
and the outei rov, of inteiinpted sutures is then continued onto the antenor 
portion of the anastomosis The suture line is reinfoiced when possible inth 
pleuia 01 a small tag of mesentery The stomach is anchored in place by 
means of a number of mteriupted sutures and the diaphiagmatie opening is 
sutuied snugly, but not tightly, around the gastnc outlet 

A nasogastiic tube is passed into the stomach and connected to Wangen 
Steen suction at the termination of the opeiation The lung is le expanded 
and the pleuial space is drained in the usual manner thiough a sepaiate stab 
Mound and the inteieostal tube conneeted to M'ater-seal dramage for twenty 
four to forty-eight houis The thoraeotomy mcision is closed in layers 


SUMMARY 


It has been demonstiated by expeneiice that caicinoma of the thoracic 
esophagus in many instances, especiallj ui the middle and uiipei poitions, is 
not cuiable by siugieal means because of the extensive nature of the lesion 
and invohement of adjacent structures Consideiable relief and lestoration 
of SMalloMung may be affoided such patients by esophagectomy and esophago 
gasti ostomy Even in nonresectable lesions, symptomatic relief can be afforded 
by by-passing the mabgnancy with a proximal esophagogastrostomy Such 
a progiam is readily accomplished by means of a synchionous combined ab 
dominal-nght thoracic appioach With tuo surgical teams operating simul 
taneously, one in the abdomen and one in the nght thorax, the operative time 
is considerablj shortened By positioiung the patient on the table at a 45 
degiee angle, it is possible for both teams to Mmik comfortably and there is no 
need for repositioning of the patient at anj time The operation is thus 
actually a one stage, two team piocedure lather than a two stage operation 
The procedure is technically less difficult through the light chest and anas 
tomosis IS soraenhat facilitated foi a iight-handed opeiator In applying 
smehioiious combined abdominal right thoracic ajiproach to lesions of the 
middle and uppei thoracic esophagus, one must maintain the underlnng 
philosophy that lesection can be done in all cases, although admittedlj pal 
liatii e in many instances 
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DIFFERENTIAL BEHAVIOR OF ARTERIAL HOJIOGRAFT& 
HIPLANTED IN THE THORACIC AND ABDOSHNAL AORTA 

Edmlxd a. IL\xah, M D ,• Llo\d M Nthus, M D ,*• 

Everett J Schmitz, M D Lester R Sauvage, M D 
Horace G Moore, Jr , M D Ralph K Zech, M D ,****®* and 

Hexr\ N Harkins, M D , Ph D (all b\ invitation) 

Seattle, Wash 

T he immediate and essential function of a i oscular giaft is to conduct an 
adequate flow of blood This prime preiequisite has appaiently been ful 
fllled on at least a shoit-teim basis by a laiietj of lasculai grafts noi\ avail 
able Houevei, the immediate success of a vasculai graft may subsequentlv 
be ovei’shadov ed by luidesirable complications Thus it is imperative that 
the behanor of laiious t 3 qies of laseulai giafts be clearly defined as to their 
ultimate fate in the recipient host 

Heietofore, infoimation legaiding the behanoi of arterial homografts 
has been obtained laigely fiom studies limited to the abdominal aoita This 
communication presents a compaiative study of aiteiial homografts implanted 
into the thoiacic as well as the abdominal aorta and, in addition, takes into 
consideration such factors as period of graft piesem ation, method of piesena 
tion, length of graft, and giowth of the host animal 

materlvl and methods 

Ninety-eight healthy weanling pigs averaging 13 0 kg had aortic homo 
grafts implanted into the thoiacic or abdominal aorta Fifty-five of these 
grafts M ere mto the abdominal aorta, and 43 v ere into the thoracic aoita The 
thoracic opeiatious were done thiongh the bed of a resected fifth or sixth nb 
under intiapeiitoneal Nembutal and supplemental positive pressure endo 
tiacheal ether anesthesia The graft lengths vaned from 1 0 to 10 75 cm, 
vhile the average giaft diametei uas 108 cm Aftei completion of the anas 
tomoses and determination of necessary measurements of the giaft and host 

From the Department of Sureery Unlterslty of Wnshlncton School of Medicine Seattle 

Wash 

This vork aided In part bj Grants In Aid from the National Institutes of Health Be 
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Surgeri at Montreal Quebec ‘'rn> 3 to 6 1954 
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norta the area w.iis io]>le«iali/e<l The hin"^! x\eio le expnmlcil anti tlie chest 
closed in laxei-s nvthout dininage The nlulonnnal aoilie homogialls nerc nn- 
planted tlnonsrh a lett Hank i-etiopciUonoal nppioaeh These abdominal aoitie 
{luifts xaued n\ length fiom 0 hO to 4^0 ein althongh one giait measniecl 
") ‘tl cm The axerage diametei ol tins gionp oi giatts xxas 0 31 ein 

l^ollomnij a peiiod ol obseixatxon in the laboiatnrx loi cailx eonipliea- 
tions the pigs n ere sent to a larin for a peiiod oi six to eight months inatnia- 
tion Upon attaining iiiatniitv, the pigs iteic slaiighteicd and the giaits mth 
the adjacent host aoita iieie lenioied iindei the peisonal siipciMsion of tx\o 
Ol nioie oi the iiuestigatoi's The giafts neie inspected, palpated intlated 
xxitli an at a piessme of 120 nna llg and ineasiiied fliafts heliexed to he 
calcified xteie \-iaxed Photogiaphs neie obtained of the exteiiial appeaianco 
ol the inflated grafts as well as ot the intcinal snitaee attei longitudinal see- 
tiou A portion of each graft nas taken for niieioseopie stiidx 

Ihuthei details of the methods and pioeediiies used in these expenuients 
haxe been lepoited bx Kaiiar and associates in lh')3' Kxhiis and associates in 
IhoS’ and bx Saiixage and llaikins lu 1032^® and 1033” 

Arbitraiilx*, x\e liaxe designated giafts oxei 3 0 eni as “long ’ and those 
less than 3 0 em as ‘ short” gin Its siiinhu to oni pi ex ions classification xxith 
icspeet to xenons autografts lepoited lioni this lahoiatoix hx Sehinit/ and 
CO xvoikeis in 1033 ” 

Ficsli aoitio homografts weie those implanted in the weipienl animal nii- 
mcdiatelx nftei lemoxal ironi a doiioi pig x\hnh in tnin nsnallv leeoixed 
some txpe of piesowed graft to le establish aoitie eontimiilx and blood iloxx 
The piesoixed grafts xxeie kept at 4° C aftei nnnieisioii in OAiode’s homolo¬ 
gous seinm nieclin (13 grafts pieseixed 1 to 120 daxs) Uingei’s homologous 
seinni media (13 grafts pieseixed 1 to 413 daxs) liepaim saline solution (2 
grafts pieseixed U fo 1 dax) oi light nniioial oil (30 grafts pieseix ed 1 to 
247 daxs) 


KrsriTs 

I he ditn ohtained in these studies xxiU he lepoited mioiding to the tol- 
loxxiiig (1 is.situ«ntimi of grafts 


1 \hdoniuinl noilu homogialts 

1 1 resh shoit homografls 

2 1 leseixed shoit homogiaits 
II Thoracic noitn hoiiiogiafls 

1 Vicsh long hoiiioginfts 

2 hush shoit homogrnfts 

> I’rcscixcd long lioinografts 
•1 Ihcscrxcd shoit hoinografls 


I Alnjornuxil Ao)t(t — 

1 / Ms/i s/unf ,im/„ hmam/ui/fs of ohihmvwl 
111 this grmiii had grafts ini]ihintiil tor 170 to 2'i-J daxs 


Tlic ten xonng ]>igs 
Theto xxcic no fatah 
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ties ichitcfl to the Jiomo',^lifts The showed a giowth in Jength uhR)i 

Y\as cijual to the cioun-iunip (C’-R) intasiuenient incicasc in the niiiinals and 
the iiicicase in the kn<rtli of the host aoita IIowe\ei, witli lesjicct to llie 
diameteis, it nas found the aieiage inciense in aoitic diainetei nas 305 pd 
cent, wliile the giaft diainetci increased an aseiagc oi onl\ 75 pei cent JIoic 
spccificalh, 30 pci cent of the giafts in this gioup wcie found stenotic at 
slauglitei and, theiefoie, uusatisfaetoi 3 accoiding to the cntciia of Sauiagc 
and Ilaikius One giaft in this senes nas coinpleteh occluded In late tlironi 
liosis, but theie weie no giafts with atheiomatous like oi calcific changes 
The changes in these giafts aie gnen in Table I 


Time 1 CjtAsoLS IS Fpesii Short Aorric HoMoinms or jVddomisvl Aopti 



•Depenoratlon refer? to tlie andlns of atheromatous like or cnlclflc change? 


2 P)C‘iciierl <ihoit aoiitc liomogutfts of ahdommuJ aoria Foityfiic pigs 
coniiiiise this giou]) haiing giafts implanted foi 2 to 2S7 dais dunng ninth 
tunc the ciown-nuiip iiieasuicnionts incieased an aiciage of 03 pei cent, while 
the aoitie and giaft lengths itieicased an aieiage of Si pei cent and 63 per 
cent, icspectneh The aoitie diainetei incieased an aiciage of 121 jiei cent 
iihilc the giaft dianietei shoiicd an aiciage ineieinent of only 55 per cent 
Thiec of the giafts ncie classified as stenotic file shoiied eailj oi late tliioni- 
botie ocelusion, and six giafts shoiied eiidentc of talcifieation oi atheioina- 
tous-likc degeneiation 

The giafts iicie jneseiicd in light niinti.il oil Tviode’s oi Kingei's 
homologous stiiiin media oi hepaiin saliin solntion at 4° C Theic i\ns no 
iclafionship hctiieeii the deielopnieiit of late (oinphcntions and the peiiod of 
ineseiintion oi flu iiatuic of the pitseii.itiic fluid used 

The changes ohseiied iii this gionp of grafts aic sinnmaiij’cd in Tahle Jt 
One graft of this gionp shoiied coinjdele jncseintion of ccllul.ii integiitv on 
niieioseopie examination This giaft had been pieseiied in Tiiode’s lioniolo 
gons sfiinn incdiiim at 4° 0 for oin dni and iinpkintcd in the jug foi 103 dais 

II Thoiacic loitfi — 

1 h cdi long Aoilic homor/iafis of iJioianr aoita Fifteen giafts nere 
iinpkuitcd info lonng pigs nhuh shoucil an aieiagc cioini innip inciease of 
S3 pci cent oiei pciiods langing from <S to 321 dais In this gianip llic aoita 
lenulh nnleased an aicragc oi 02 pci cent as compaicd to an aiciage giaft 
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length uiciease of 31 per cent Somewhat s imil ar retardation of growth 
nas noted with respect to the graft diameters, although none of the grafts 
were actnally stenotic The changes for this group are tabulated in Table 
III 


Tabi£ in Chai-qes d. Fresh Long Aortic Homograits of Thoracic Aosta 



•Degeneration refers to atheromatous-Uke or calcific changes 


Thrombosis of the graft was obsei red m tn o of the pigs at 19 and 56 days 
and both grafts reiealed calcification on microscopic examination Ten ad¬ 
ditional grafts sliowed atheromatous-like formation or calcification on gross or 
micioscopic examination Honeier, one graft in this group behaved bke an 
autograft in that all the cellular elements were intact This thoracic graft 
remained in the pig for 321 days 

2 Fresh short Aoitic homografis of thoracic aorta Tins group of seven 
grafts showed an aierage length increase of 24 per cent while the host aorta 
and ciowniiump measiuements increased an average of 72 and 74 per cent, 
lespoctneh Giaft implantations lasted fiom 35 to 276 davs The grafts had 
nn aierage diameter increase of 24 per cent as compared to an aortic diameter 
increase of 66 per cent 


Although none of these gnfts showed stenosis or became occluded all 
of the grafts showed degenciatne changes in terms of atheroma formation or 
I a cification (Sec Table lY for resume of changes in this group of grafts ) 
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T\ble IV Chvnoes in Frfsii Short Aortic Homogrvfts of Thoracic Aorta 



3 Preserved long aoitic Jiomogiaffs of tlioraac aorta In this group of 13 
pigs, the aoitic length increased moie than the ciOHii-iump measurements of 
the ammals, but the giafts lagged fai behind the inciements of the host aortn 
in teims of length as h ell as diametei so that fii e of the homogiafts are classi 
fled as definitely stenotic The aveiage changes in these giafts aie gnen in 
Table Y One of these stenotic giafts had complete luminal occlusion at the 
pig’s slaiightei 252 davs aftei giaft implantation vithont cMdence of collateinl 
^asculal channels in the aiea of the giafted segment One othei graft throm 
hosed 41 days aftei miplantation, but this eomjilication \\ as pi obably related 
to an associated lung abscess and a pimilent emptema No calcium deposits 
veie found in the thiomhosed oi the extiemeh stenotic giaft 


Table \ Changes in Preseried Long 4obtic Homogrvfts of Thoracic Aobtv 



In addition to i high incidence of stenosis, eleven of these 13 homogiafts 
had gloss evidence of cakific degcnei.itinn 1 ig 1 illustiatcs the calcification 
in one of tliese long giafts of the thoincic aoita Calcification was found in a 
giaft pieseivcd foi one dav, as well as in a gi.iit piescived foi 413 davs 

4 Picsened short Aoittc homogiafts of thoinac aorta Eight weanling 
pigs had pieseived shoit homogiafts im])lnnted foi 30 to 262 davs dunng 
whicli time the animals mcieased then crown luiiiji measuiemcnts an average 
of 90 per cent The aoita in these animals showed an aveiage increase m 
length of SO jici cent wheieas the giafts had an aveiage length increment of 
17 pel cent A siinilai failiiie to keep pace with giowtli of the host tissues 
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A\as observed lu the graft diameters which had an aAeiage increase of 14 per 
cent as compared to an aveiage aortic dianietei mtiease of 93 per cent One- 
half of the graits in this group A\eie classified as stenotic 




iiii[iiiiji!!tj^mjmijiin|mi iiiiminiiiijmminmujimjut 

- - 41—5-,! 'jBA 9L_lo! 

showed massnc implantation and 

taleific degciientioii Presemtimi^lf+i!”^ in this group showed gross 
niiircd irom 12 to 247 da\s Th crafts m sterde light mineral oil 

scned for 243 dais howcAcr it d!dTnJ calcification Avas pre¬ 

en os the data unKernnm crafts in this groupstenotic changes Table TT 

discl^^ion 

It IS endent on leiicw of the dnto i 

.... .....- 
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teims of late complications than giafts implanted into the abdominal aorta 
We aie in paitial agieenient inth Eieison and Soutlnnck= in then statement 
“All grafts which remamed patent grei\ [sic] appieciably m both length and 
diametei ” In oiii expenments the inciease in giaft size failed to keep pnee 
111 most instances inth the giondh of the host aoita This was paiticnlarh 
tine of the preseived homogiafts of the thoracic aorta legaidless of the graft 
length 01 diametei at implantabon Although the abdominal aortic grafts m 
mil animals shoued gieater increments in size than similai giafts leported 
b'\ Johnson Ivirby and Horn,® ue agree "with these anthoi’s that “normal 
giouth” did not occui in the abdominal giafts (.nor in the thoiacic giafts in 
our series) unth but tuo exceptions One shoit pieserved abdominal aortic 
homogiaft and one long fiesh homogiaft of the thoracic aoita shoued “normal 
gioirth’’ and complete cellulai integiitj 195 da'\s and 321 dars, respectnelv, 
after implantation 


Table VI CHA^GEs i\ Preseried Short Aortic H0M0flR.vFTs of Thorvcic Aofta 



tPreser\eiI In light mineral oil at 4” C 

The site of laseulai giaft implantation appeals to be impoitaiit uith 
icspect to late degeneiatiie changes iihich maj ultimatel}’’ leiidei the giafted 
segment useless Calcific oi atheiomatous like degcneiatioii was found m 11 
per cent of the homogiafts of the abdominal aoita (combined 2 gioups), uhile 
simdai giafts of the thoiacic aoita (combined 4 gioups) had an incidence of 
late degeneration of 88 per cent Calcification was noted as early as the nine 
teenth postoperative dav (in a long fiesh thoracic homogiaft), although Pai-sons 
Gerbode, and Cox” leported an even earlici appeaiance of such degeneration m a 
homograft of the abdominal aoita in an adult dog Calcific or atheromatous 
like degeneiation of aortic homografts implanted into the abdominal aorta 
of adult dogs oi giowing pigs weie lepoitcd bv Evcison and Soiithwick 
Tohnson, Kiibv and IToin " and Coleman Deteiling and Paishlev ’ Calcifica 
tioii 01 atheromas weie found in aitenal homogiafts of the thoiacic aorta m 
adult dogs bv IIiii and associates and Gentsch Watei-s, and Glenn ” In our 
senes of grifts we hive undei cnnsidentioii the eombnicd factoi-s of giowth 
method and penod of gi ift presei v atioii ,uid giaft length as thev aie related 
to the anatomic site of nn]ilnntation (thorax and ilidomeii) 

The graft length, penod of giaft pieseivation and the method of jircscrv i 
tion do not appeal to be signifieantlv i elated to the high incidence of degcncra 
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tion m thoracic homografts when compared to the abdominal aoitic homo- 
grafts IVhile the grafts implanted m the thoracic aorta weie generally 
longer than those put in the abdonunal aorta, a compaiason of the shortei 
thoracic grafts mth the longer abdominal giafts mdicates a similar prepondei- 
ance m calcification and atheromatons-like formation m the former It is well to 
point out that calcification of frozen and freeze-diy aortic homografts has 
been noted by Coleman and associates," Hm and associates,® and Gentsch, 
■Waters, and Glenn ® The factoi-s which appear to be important though nn- 
proi ed in the differential behanoi of abdominal and thoracic homografts are 
the follomng 

1 Difference in the Vascular Bed for the Homograft —^In contrast to the 
letiopentoneal tissues of the abdomen the letroplenial Aasculatuie is lathei 
sparse The importance of this factor appears dubious smce Parsons, Geibode, 
and Co\“ failed to detect any calcific changes in homografts of the thoracic 
aorta n rapped imth silyer foil m adult dogs Howeyei, the added factor of 
groiyth change may leqiiiie a dynamic and adaptiye tissue response which 
arterial homografts cannot meet 

2 Worh Stress on the Aorta —The work stress on the thoracic aorta is 
generally conceded to be greatei than on the abdominal aorta The site of the 
calcium deposits in the thoiacic grafts nas similar to the deposits obseryed 
in human subjects haring llonckeberg’s medial sclerosis, a lesion which is 
thought to be related to n ork stress Gentsch and his co-workers succeeded in 
producing calcification in one-thud of then thoiacic grafts by the use of acute 
intrarascular stress 


3 Changes in Intrathoracic Pressuie During Noimal Respiration —It is 
not known nhat relationship this factoi niai hare to the work stress on the 
homogiafted segment and the lasculatuie of the adjacent host tissues This 
factor IS not present m tlie abdominal aortic giafts 

4 Calcium Mohihzatwn —The thoiacic pioceduies leqmied subpenosteal 
1 escction of one nb and transection of one oi tn o additional nbs It is possible 
that the subsequent need foi osseous lestitiition results in a tianslocation of 
ealciuni from the serum into the aieas of bous injuiy as well as into foieign 
liodies n hich mas be present namely, the aortic homografts 

Aortic homogiafts haie been used to leplace segments of the thoiacic 
aoita in human Iieings Gioss" has used a homograft in 14 per cent of the pa¬ 
tients who had a coarcntion of the aoita lesected The age distnbution of the 
patients receuiug these giafts is not known but follow-up studies bj Gross 
reieal some deg.ee of calcification m 8 pe. cent of the giafted cases It is 
,...l,kch t ml the eroiith „m,cmc„, pat,ml, pas comp.table to ott, 

atparimanlal ainnmh 1 opavar ^ relat.oosh.p 

"■ '"""■"'■■'0 »■". -I »nac,e,l ca.Cat.o" 

The role of tlie ‘ immumti usDoiiso” i.f ti,„ i,„. 4 t . , 

„,„1 p,a„„„al,h ot apt, ,1 „ Phc.hc^“^plaM^hl'^^c™^ " 
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the thoiacic oi abdominal aoita oi anr other poition of the aitenal si stem 
The ultimate development of a satisfactoiy lasculai giaft must nvnit the 
deteimination and understanding of the host-graft immunitj leaction 

In the light of the data piesented, the use of aoitic homogiafts in leplae 
mg segments of the thoiaeic aoita in a gioinng subject cannot be adiocnted 
except undei the most piessmg eireumstanees since the piognosis of siiih 
gi afts appeals pooi in expeiimental animals 

CONCLUSIONS 

1 Aiteiial homogiafts appeal to function as satisfactoiy conduits of 
blood inthin the peiiod of observation limits of out expeiiments 

2 Aiteiial homogiafts of the thoiacie aoita aie less able to keep )mce 
vith the giovth increment of the animal than aie homogiafts of the abdominal 
aorta 

3 In the giovnng ammal, homogiafts of the thoiaeic aoita haie a sig 
mficantly gieatei incidence of calcific and atheiomatous-hke degeneiation than 
do homogiafts of the abdominal aorta 

4 The factom of giaft length, penod of giaft piesenation, and methods 
of pi eseii ation used in these expeiiments elo not appeal to influence the deiel 
opment of calcification and atheiomatoiis like formation in homogiafts of tlic 
thoiacic aorta 

5 Undei laie and unknovn conditions, aoitic homogiafts of the abdoni 
uial and thoiacic aoita, presumabh nable at implantation, mai letain com 
plete cellulai integiity and behaie like autogiafts 

We vnsli to express our appreciation to Jti'-s Susan Hull for the tissue sections nnd 
Air John Kctvbj for the photographic norh 
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DISCUSSION' 

DR ROBERT E GROSS, Boston, ilass—There mav be a good deal of difference be 
tween the pig and the human lieing so far as fat metabolism and degenerative processes in 
grafts are concerned In discussmg this paper I thought it might be appropriate to add to the 
laboraton obsenations some facts and data gathered from the implantation of homologous 
aortic grafts m human beings In a senes of 330 patients ivhora ive have operated upon for 
coarctation, me have deemed it necessary in 46 to insert an aortic homograft Half of 
the grafts had been stored in a balanced salt solution, the other half, representing our 
present technique, have been frozen and stored at -50° C in carbon dioxide ice Of the 46 
patients vnth grafts, three died in the hospital of causes unrelated to the grafting, one 
died SIX months later from the eientual results of infection Vhether or not infection 
occurred during operation or subsequent to it is impossible to sai 

AVe are interested in the studi of the 42 surviving patients, observations on these are as 
follows 16 of these grafts have been in place for more than three lears, 9 have 
been in place for more than four vears Alt patients have been operated on for existing 
hi’pertension, the results m treating this haie been exceedingh gratifying Two have arm 
pressures which ha\e been greatlv reduced from the preoperative figures but have not 
quite returned to normal, in the other 40 the arm pressures ha\e dropped to completely 
normal levels AVe take this as indirect endence that the grafts have remained patent 
In three patients, i rav films show a slight deposit of calcium in the graft wall In no 
instance has roentgen examination showed anv evidence of aneurism formation in these 
grafts 

The firet graft for reconstruction of an aortic pathwai was inserted just six lears 

ago At the present time this voung man is perfectlv well in every wav, has normal 

pressur. s in the arms and legs, and bv x rav examination has no calcification or dilatation 

of ho'mnof ft '>eings make us i eri enthusiastic about the use 

^oeJth f aortic pathwai s, when aortic ends cannot be brought 

together for a good primary anastomosis urougnt 



A :\IETHOD OF SUPPLEjMENTING THE COBONAPY CIEGULATIOiN 
BY A JEJUNAL PEDICLE GEAFT 

James A Eirr, MB, FRCS (by I^>^^TATIO^), Frederick G Keroin, JID, 
M S , F E C S , Y\’es Martixeau, M D (b\ ix\it\tion ), and 
E G Leckey, MD (by ixtitatiox) 

Toroxto, Ontario 

T he average smwal peiiod of patients Mho haie coionan arten insiif 
ficienev Mith angina peetoiis beais eloquent testimony to the grant! of 
the disease Fiie years is the figure lepoited bv Paikei, and associates,’ in a 
sill ley of 3,440 cases Phiitheimore, on patients iiho haie had coionan in 
farction mth or Muthout prenous oi subsequent angina, the picture is eien 
11101 e gloomy Of 488 such cases reported bj Katz and his co-m orkers,' 25 per 
cent M'ere dead in tii o months, 50 pei eent at the end of one year, and 75 per 
cent at the end of thiee yeais 

There can be little doubt, therefore, that any ini estigation is worth uhile 
iihich has as its eventual, though perhaps distant, goal an impioved prognosis 
for patients with coionarv arteiw insufSciency 

The object of the present paper is to reneii the liteiaturo biieflv and to 
submit a prebminary repoit on a neii suigical method Mhieli has been carried 
out experimentally in dogs 

historical 

Fig 1 depicts in diagrammatic form some of the suigical proceduies iihioli 
haie been attempted so fai to supplement the coionarj circulation in animals 
and man These have, as their ami, tivo mam principles One is to establish an 
mtercoronaiy anastomosis, the otliei to establish an extracoionarj anastomosis 
Some of the methods, including the one to be desciibed. Mould appear to stinni 
late both tvpes of anastomoses 

Beck and 0 Shaughnessi deseiie much of the credit for pioneer cxpcri 
mental work in this field of surgeii Beck and his co-m orkei's-' sutured the 
peetoiabs majoi muscle to the miocaidium to promote i oscular adhesions, and 
0’Shaughuessv’' ■* sened the gieat omentum to the miocardmm foi the same 
pill pose Beck reported his operation of anastomosis of a sistemic arten into 
the coronal! sinus in 1048 Fauteu\'^ ad!0cated ligatuie of the great coronan 

The nccc'sirv funilB for this project tvere pro\idcd by the J P Blchell Foundation. 
LnUersItj of Toronto Ontario 

Rend at the Thirty-fourth Annual Meeting of The American Association for Thoracic 
Surcem at Montreal Quebec. May 3 to 5 1961 
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vem m association ivitli pencoronaiT nemectoniv and Carter and associates'^ 
and Moran and associates'" have used limg and skin pedicle giaft lespectivelv 
to augment the blood supplv to the ischemic heart 

Hemhecker and Barton'" m 1939 reported then experiments to this associa¬ 
tion m the creation of a stenle adhesive pericarditis hr the injection into the 
pericardial cavitv of sodimn morihnate, lionite. or carborundum sand In 1942 
Thompson and Eaisheck'" '' applied this idea to patients, nsmg talcum povrder 
and other agents 

Ymeherg'"'® has carried out careful mvestigations mto the value of an 
internal mammarv arterv implant in coronal v arterv msufficiencv m animals 
and man. 



ATOMY 

ihoM-n the presence ot anastomoses betiAeen the 
r =1.1 «„a lot, c»r„,.ar> arlonoo au.n.als S„oh onaotomoses ate ,ncteas«J b, 

N.. iin„or l,o„ t,cl, tl„ nu.ootk ot blood ooooel, ,hHh siroolT the 
nrdmin in nnn and nnninls nni mio- 

1 1 , conmnn arteries are ps^putiniii 

tcrmmil arteries and ocdusion of one or more of them In evoo-t s<>ntialh 

1 ISC carries i hieh ininiedintc mortalUv ^ 
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Beck has shoi\u evpeiimentallv m clogs that then life may intunlli hniip 
lit a thread In effect, ligatuie of thiee or foiu small blanches of the left 
coionaiy aiten produces no seiions myocardial change, but ligatuie of one 
small additional branch lesults in lentnculai fibiillation and death 

Such an obseication suppoits the idea that am new contiibution to the 
cascularity of an ischemic myocaidmm may tip the scales in facoi of coiitnuicd 
siircm al 

CtETHODS 

One hundied and eleceii operations weie earned out on 73 moiigiel clogs 
of an aierage weight of 15 kilogiams 

Preoperafive PrepaiaUon —The ammals weie allowed fluids onh for 36 
houis pieopeiatiyely and weie giwen 300,000 units of penicillin and 1 Gni of 
streptomcein on the morning of opeiation 

Anesthesia —The anesthetic induction consisted of an intiacenoiis injection 
of Nembutal, 35 mg pei kilogiam of bode weight Duiing the operation, oMgeii 
and ethei weie administered bi an intratracheal tube and positne pres.siiic was 
maintained while the chest was open 

Operation — 

1 Resection of an intestinal segment A midlinc supiaumbilical incision 
was emploied for the abdominal part of the opeiation (Fig 2, A) and n 
piONimal loop of jejunum selected which could leach the caidiac apex with least 
tension on its yaseiilai pedicle (Fig 2, B) A segment of bowel of appioximatch 
5 to 6 inches in length was isolated from the lest of the bowel togethei with its 
intact blood supph (Fig 2, C) The maiginal lessels at each end of tins 
segment weie ligated to aioid possible hematoma foimotion between the Inicrs 
of its niesenteii Hanng isolated this wedge of bowel, continuity of the re 
maindei of the jejunum was restored by end-to end anastomosis 

1 Pieparation of the graft The isolated jejunal segment yvas then opened 
along its antiniesentei 1 C border (Fig 2, D) and the mucosa stripped oft, leaymg 
a flat surface composed of serous and niusculai coats of the boyyel (Fig 2, E) 
Duiiiig this piocedure bleeding was best contiolled by applyung a light arterial 
clamp aeioss the origin of the jejunal aiteiy supphniig the segment of bowel 
Folloynng remoyal of the mucosa, the aitciial clamp was icleased and the giaft 
gently compressed by layers of gaiwe soaked m noinial saline to ensure 
hemostasis After pieparation of the giaft, all equipment already employed was 
discaidcd 

3 Exposuic of the heart and partial rpicardcctoing A thoiaeotoiny was 
then earned out through the left fifth interspace (Fig 2, A) The pcncaidmm 
was opened and the myocardium spiayecl with a 1 pel cent piocnine solution 
With the aid oi an Allis clamp and dissecting scissoi-s, the epicaidiuin was ic 
nioyed from the anteiolateial aspect of the left ycntiielc (Fig 2, F) This last 
nnneuyer can usually be done yyithout damaging the superficial ycssels of the 
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bamer to developing collateral capiUarv buds 



He -—lti\oUe<l In surpical technique of applying a jejunal pedicle graft to the 

m>ocardluin In dogB 


4 Fixation of the jcjunal graft on the vujocardiuin The anterior portion 
ot tlu left dnidimgm was incised for aliout 2 cm Through the opening thus 
undo the jejnnal graft was dravvTi into the chest and fixed to the prepared 
iinm irdiil hwl vnth 8 to 10 fine silk sutures (Fig 2 & and H) The graft 
shnuld \h' snuuU in lontiet with the mvocardnim and not stretched too tauth 
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and theie must be no tension on the pedicle arten The perieaidial sac lott 
nideli open The abdomen first, and then the chest nas closed in siicccssnc 
lajei-s, care being taken to ensiue complete le-cx-pansion of tlie left Iimg 

OPERATHE AND POSTOPERATUE COMPUCATIONS 

The entire opeiative piocednie took appi oximatelj^ one hoiii and a half 
and i\as ivell tolerated by the ammals Snppoitiie intiavenons theiapi was 
not employed 

There weie 5 deaths encounteied in a senes of 35 consecutive opeiations 
Tivo w ei e due to the development of jejunal fistula at the site of end to end 
anastomosis of the jejunum, one was due to eviseeiation followung infection 
of the abdonunal wound, and one death lesiilted from prolonged hypoxia 
dm mg anesthesia The fifth death ivas due to cardiac aiiest of unknown 
etiology The first foui deaths should all have been avoidable 

Theie weie no cases of heiniation thiough the diaphiagm at the point 
ivheie the pedicle passed fiom the abdomen into the chest 

INTOSTIGATION TO DETERMINE THE EFFICACY OF THE JEJUNAL. GRAFT 

I As a Piotechon Against Ligation of the Anterior Descending Branch of 
the Left Coronai y Ai tery at Its Ongin — 

1 In a control series of 30 normal dogs in ivliieh the anteiior descending 
branch of the left coronaii aiteiy was ligated and divided at its oiigni, there 
were 22 deaths, a mortality of 73 3 per cent "Whethei ligation and dnnsioii of 
the arteii was proximal or distal to the septal branch, it did not influence the 
niortahtv statistics in this senes 

2 In 30 dogs which had had a jejunal giaft carried out three montks 
previously, similar ligation of the left coionary arteiy resulted in 2 deaths, a 
mortality of 6 9 pei cent 

It IS well lecognized that in certum dogs the anatomical configuration at 
the origin of the left coionan arterv laries indely In some dogs, for example, 
a single left coionaiw aiterv was replaced hi a leash of four or fiie lessels 
arising almost directly fiom the aorta In such cases the protection afforded 
bi oui graft was only accepted as xalid if, on final sacrifice of the animal, liga 
tiiie of one or moie of these anomalous -vessels had piodiiced a recognuahlc 
infarct, even though such infaicts wcie commonh mueli smaller than the infaicts 
pioduced by coronarv ligation m the eontiol dogs 

Following the sacrifice of all normal and grafted dogs, the point of ligation 
and di-vnsion of the anteiioi descending bianeh of the left coronai \ arten 
w as verified by careful dissection 

II Electrocardiographic Tracings —Electrocaidiogiaphie tiacings were 
made on 12 dogs at the time of coi onai \ ligation Such a ligation in 3 iiornnl 
dogs produced maiked electrocaidiogiaphie changes consistent wnth imo 
cardial infarclioii Of the 9 grafted dons, similoi hgafion produced no elcclro- 
eaidiogiaphic changes in 0 of them and onh minimal changes in the 
lemnining 3 


key ET AL JEJTJXAL PEDICLE GBAET TO SUPPLEMENT CIRCULATION 325 

III Si 2 e of the Inf at a —lu the 8 uoimal dogs suinving coiouaij ligation, 
subsequent imestigation sboiied thex all had laige aieas of iiifaictioii In an 
equal numbci of giafted dogs, 5 had onh sTiiall aieas of mfaiction and tlie 
lemainmg 3 had aieas ot nuohenicnt similai to the contiol senes 

lY Iiijccfioa Sfiidics—Two montlis attei ligation of the coionaiy aiteii, 
the grafted dogs were saeiTfieed, uijection of the pedicle aiten was earned out 
under controlled piessuie not exceeding 140 nun Hg 

Radiopaque solutions weie used 

1 Ten per cent solution of colloidal sihei iodide This solution passes 
fieeli through eapillanes 

2 Tivcnti pel cent bismuth o\ichloride with a particle size of not less than 
20 microns Tins solution mU onh pass through ai-tenoles of a caliber equal to 
or greater than 20 niieions 

3 Tliirh-fiie pci cent Diodiast This solution also passes fieelj through 
capillaries 

Bi means of this injection technique, free communication between the 
tejunal pedicle arteiw and the coionaiy vessels i\as leiified in 18 of the 30 
ginfts thus examined bi an additional 4 dogs the pedicle artery and graft 
filled completelj, but the dje failed to pass across the giaft bed into the mjo- 
caidial \essels In 8 cases we were unable to demonstrate patency of the 
pedicle aiten hi the 18 injections which confiiined a dnect anastomoses 

bttueen the jejunal aideii and the coionaiy aitenes, 6 allowed bee passage 
of the bismuth oxichloiide solution, thus denoting anastomoses between graft 
and nnoenidiuni of piobable aideiiolai dimensions Li the lemauiing 12, 
sihei iodide oi Diodiast weie the only solutions which would pass born the 
jejunal artery thiougli the graft and into the eoionary vessels It was thus 
infeired in those cases, that the anastomoses weie piiuiniilj of capillari size 
Ill those eases of successful injection, it w-as also noted that a iichei luter- 
coionni anastomosis had dei eloped than w'as noted in the injection of the 
corouan lessels in noimal dogs This was emdenced by the fact that the 
anastomosis between the right and left eoionary aiteiial si stems was much 
moie piofiise and constant than it was in our noimal controls 

An example of the injection of bismuth oxi chloride into the coronarj 
aileiiesbi wai of the jejunal pedicle arteri is shown in Thg 3 


HISTOLOGIC STUDIES 

Histologic studies of the graft preparation following saciifice of the 
minials eonfiimed the cMdcnce abeadi obtained by injection studies that 
patent lasciihr channels existed between the graft and the myocardium A 
(onsidcrable number of such channels were of arteiiolar dimensions 

Thei also demonstrated that there was no cMdence of regeneiation of the 
jojimal mucosa which had been remmed some foui oi file months prenoush 
llxammation of the pedicle in those animals m which injection had failed 
1 OS 1 alcd 1 crtain impm lant obsen ntions In some of the eases the, e appeal efi 
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to be quite laige patent aiteiial ehaimets ui the pedicle uhich Mould suggest 
that failuie to inject them urns piobably a techmeal one In otheis the mam 
jejuiial aiteiy or its fiist oi second divisions shoMed a maiked generalized 
thickening of the A'^essel Avail in Mhicli all laveis Meie equally involved In a 
few there v\ as a suggestion of intimal piolifeiation 



Fig 3 —^RoentRenogram phow ing Injection of coronarj arteries \in the Jejunal pedicle artery 
The Injection medium is bismuth oxj chloride 

In otheis theic appealed to be <i fibiosis of llu ])cditle with disappeaiaiice 
of anv iceogni/able vessel These changes vveie only jncseiit jnoMinal to the 
point vvhcie the pedicle passed thioiigh the diaphiagm and suggested that 
tonstiiction at this level niav have pi ived an impoitant jiait in the sulisequcnt 
histologic changes 

OmCESSlON 

In consideiing the meiits ol anv singiral proecdnic Mhieh might supple 
nicnt the coionarv ciiculation iii animals or man ccifain featiiics aic of nn 
poitnnco The pioccdure should he i lelativclv simple peifoininiiee ^\nv 
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jejcnvl pedicle gkcpt to 


-ralt or implant sbould hace a tairlv cnde suiface of application, and preferablv 
should bo based on a si-stemic artei-r of ina 3 or calibei tlie diversion of nhic 
should not jeopardize anv Altai stincUire oi othei niajoi aiterv IdeaUv sue 
a graft should stimulate mteicoionarv as veil as e'ctracoionarv, anastomosis 
It was felt that a mucosahfiee graft of jejunum based on a large jejunal 
arterv might satisfv such ciiteria ‘VTith these factors ui mmd the present 
senes of eA-penments iiere densed and earned out 


The operation proied to be simple to peifoim although oiir eailv opeia- 
ti\e mortality A\as lelativelr high as has been pointed out already Four of 
the file deaths should haie been ayoidable eyen uhen one considers the fact 
that many of the animals opeiated on uere fai fiom ideal surgical risks 

It nas found possible to eieate a graft suiface area of almost any dimen¬ 
sion lequned 

Preparation of the graft bed hr lemoial ot the epicaidium is the only 
difficult part of the opeiation and it is not so difficult as it is tedious Vith 
careful dissection using blunt thin-bladed scissora the epicai dmm can he dis¬ 
sected off the imdeilying miocaidiiun and supeificial lessels Occasionally a 
small lein mai he ruptuied and has to be sntnied if local piessnre lyiU not 
arrest the bleeding 

The jejunal ai-teues upon uhicli the graft iias based iieie ahyars of good 
sire and, as uas to be expected the diiei-sion of one such artery ni no ivav 
jeopardized the adjacent jejunal a essels 

Once the theoretical ciitena of a new snigical pioeednie appear to haAe 
hceu fulfilled it is ohAUoush of great importance to find ont if such a pio- 
ccdiiie actiialh works m piactiee Unfortunately the methods used to 
detenmne the efficiencA ot such an expciiment in clogs lenye much to be 
desired 


Tlie piotectinji afforded dogs following ligation of the anterior descending 
branch of the left coiniiaiA aiteiy has been used most fiequentlv to assess 
the A nine oi niu e\penment Achich aims at supplementmg the coronary circu¬ 
lation It h.as been suggested that the lesulls of such a piocedure y.arv accord¬ 
ing to the point at Achich this arterv is ligated 

It IS prohnhlc that ana jiroeedure aimed at inipi oa iiig the coronai-y blood 
snpph to the hciit will gi\e a high suiATAal rate folloAsing ligation of the 
aniei lor descending branch ol the left eoionaiy aiteir if that artery be ligated 
too far from its origin Ilowcicr such lesults will be placed m their proper 
perspectuc if thcA nie compared Acith the surmAal lates obtained in a senes of 
normal control dogs following an e\actlA similai type of ligation 

The simiAal rate following coronaiA ligation m this senes was 931 per 
.out in our grafted d„gs and onh 2fi 7 per cent m the munial control dogs 

The iiijeetion studies rcAeded pntei.cA of the jejunal aiten and direct 
an .stomoMs between it .ml the coionarA arteries ii, Gl per cent of the dogs 



32S 


THE journal, of THORACIC SURGERY 


14 per cent The histologic studies suggested that failiue to luject the pedicle 
vessels m some instances vas almost certainly due to failures in teehmquo 

These injection studies fuithei suggested that in the majoiit} of in 
stances, the tjqie of anastomosis dei eloped between the giaft and the mvo 
cardium was piimarily a capillaiy one This is to be expected from the nature 
of the pioceduie, but it is piobable that the volume of blood which can pass 
through such a large capillaiy bed as is provided by a jejunal giaft may equal 
that derived fiom sei eral single small aiteiies 

The electiocaidiographic findings are of interest The immediate danger of 
coronary occlusion in animals and man is not prrmaiily the damage to the mio 
caidium per se, but to the inteiference with normal heart action which results 
Acute deaths are due to ventnculai fibrillation The dangers due to actual 
myocardial ischemia such as myocaidial rupture oi aneurysm aie late com 
plications The fact that out of 9 of the grafted dogs, the electrocardiographic 
tracmgs following coionaiy ligation were normal in 6 and showed oulj 
minimal changes m the other 3 is piobablj’^ therefore of significance, and would 
suggest that such a giaft gives good immediate piotectioii to coionaiy ligation 
in dogs 

One additional factor should be mentioned It has been suggested that in 
ceitain giaftmg pioceduies to the heart, the blood eientually flows from the 
heart to the imssels of the giaft and not, as is intended, in the reierse diiec 
tion It w'as a simple procedure in these evpeiiments to show' that the flow 
w'as from jejunal arteiy to the myocaidiunr, as digital occlusion of the jejunal 
arteiy at its oiigiii obliterated all pulsations betw'een this point and the heart, 
and similar occlusion of the jejunal artery at the caidiac ape\ failed to 
obbterate the jejunal pulsations in the provimal portion of the aiteij' 

Further studies are proceeding in an attempt to improve the technique 
of our expel iments and to determine the possible cause of any failuies 


SUJIMARY 

1 A method of supplementing the coionni-y cii dilation in dogs bj jejunal 
pedicle graft is presented 

2 The operative pioceduie is outlined 

3 The results of investigations to deteimine the efficacy of the giaft aic 
1 epoifed 

4 The siunial rate following coionaiv bgation in noiiml contiol dogs 
was 26 7 per cent and in grafted dogs 93 1 pei cent 

5 The possible adiantages of the method of jejunal pedicle graft are 
discussed 

It IS a pleasure to acknowledge the valuable technical assistance giien this project 
b\ Xlr Walter Cowan and Atr Kenneth Burlei 
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DISCUSSION 

BK JOHX B FOX, JR , Memphis, Tenu—Because of the unsettled status of \arious 
cardiopext procedures, vre at Keiined\ Hospital have tried to work out some of the prin 
ciples involved The amount of anastomosis nitli the anterior descending coronan arten 
18 rather \ariable There is usualh a large branch at the apex and often one or more 
proximal branches communicating from the circumflex branch of the left coronan nrtcn 
This slide shows the sites of ligation eniploied in dog experiments The communicnt 
ing branches are ligated at whatexer prehnnnarj operation is done and the anterior 
descending arten as a subsequent procedure In this wax a constant area of infarction 
has been obtained 

M ith ligation alone, a 70 per cent mortalitx rate has been encountered I\ith talcum 
powder used to create an adhesix e pericarditis, the mortalitx following ligation dropped 
to 10 per cent, although the infarcted areas hnxe been nearlx ns large The amount of 
new circulation induced bv this method has not been impressix e, but there has been much 
less bulging of the ventricular wall after ligation Perhaps the adherent pericardium 
serves ns a splint, preventing blououts and enabling efldcicnt pumping to continue 

Because of the size and proximitj of the left gnstne xessels, xanous cardiopexic-- 
haxe been done with pedicles emploxing these xessels, ranging from full thickness grafts 
denuded of mucosa to implantation of the arterv branches themselxes into the mxocnrdiuni 
The most successful method has been to free up a split laver of gastric wall bx water in 
jection and then to suture this to the left xentnculnr wall, which is first roughened and 
powdered with talcum powder All dogs so prepared have surxixed coronarv ligation and 
have shown x erv minimal infarction 



CO^TROLLED CROSS CIRCULATION FOR OPEN INTRACARDIAC 

SURGERY 

Physiologic Studies 4>-d Results of Cbeatiox yxd Closure of Textricular 

Sfptal Defects 

Hfjibert E YNHDE.N ^LD Morlet Cohex Z^LD ” ILatmoxd C Re.4d :MD , 
wdC YTaltox Lillehei ILD (all by ixyttatiox) 

IbxXEAPOLIS ItlXX 


T he cuntive surgical attack on a ntuiibei of mti acardiac lesions has been 
stymied bv the lack ot a safe and satisfaetoiv method foi operating ui a 
leisnreh fashion under direct xision mthin the open chambei-s of the heait 
Appreciatuig the histone lesson that the solution of many pioblems in medicine 
lias idtimatelv been simple and, in most cases obY-’ous, once sufficient knoiyl- 
edge has been brought to bear upon the problem ire began irork sei eral Teal’s 
ago to look foi a simple sate and efficient method for open intiacaidiac 


surgery 

The first step tow ard this goal w as the definition of the tolerance of the 
canine heart and other organs to complete inflou stasis at noimal tempera¬ 
tures * The second major step iras the demonstration by Andieaseu and lYat- 
son' and Cohen and LilleheP that dogs ueie able to suixiYe long periods of 
complete leiia ca\al occlusion without discernible injuiy if the flow through 
the azAgos lein into the heart was unimpeded Cohen then measured the 
angos flow in terms of c c /min As of body weight He found this azygos 
flow to be S to 14 c e /rain /kg of body weight or sbghtly less than 10 pei cent 
of the generally accepted liasal caidiac output Careful physiologic studies 
ol these dogs nmformlA suimying 30- to 60-minute periods on their azvgos flow, 
indicated that under these conditions the dog’s bode became tiemendously 
more efficient in its utilization of osygeu 

The significance of these studies in reference to cardiac by-pass was ob- 
lamis and the ne\t step was to acqmre a simple and efficient pumpr capable 
of pumping blood in two circuits smudtaneoush and in exactli equal amounts 
Modification of the mode of oxygenation of blood was then appioaehed 
It was ijiparent to us that the intricacies of this piocess could be aioidcd if 
noimal lung tissue could be eniplo'ed for this puipose Also existing extra¬ 
corporeal oxAuenitors memtabU lemoAed platelets and fibrinogen so that 
postoiic ratnc clotting defects were hkeU Likemse, m most mechanical oxr- 
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senatoi-s the second most impoitant function of the lungs has been ignoied, 
ininieli, the filtiation fiom the blood of hainiful paiticulate mattei’ including 
bactciia Finally, a substantial amount of physiologic evideiice has suggested 
that lung tissue has ceitaiii sonieuhat moie obscuic but, quite possibly, iin 
poitant functions in lefeience to i ei italiziiig the blood that cii dilates thiough 
them 

A yeiy satisfaetoiy solution to the oxygenation pioblem was dey eloped 
experimentally by utilizing a lobe of the dog’s oyvn lung” Howevei, this 
method had the technical disady^antages of delicate eannulations and the neces¬ 
sity foi keeping the lungs inflated duimg the mtiacardiac pioeeduie, thus 
mteifenng yutli access to the heaid 

In an attempt to eliminate these shoitcomings of the autogenous lobe ex- 
peinnents, yve turned to the use of a donoi cii dilation to oxygenate and le- 
yutalize the blood and utilized the same pimip to contiol accurately the ex 
change of blood yvhich had been the ma]oi pitfall of this method in the hands 
of otheis’’ ® ” By this method of conti oiled eioss cii dilation theie i\as mtei 
posed between donoi and lecipient a single pump which cii dilates equal 
amounts of oxygenated blood fiom the donoi's aiteiy to the lecipient’s aorta, 
and ymnous blood fiom the recipient’s cayme to the donoi’s yenous ciidilation 

METHOD 

Healthy mongrel dogs weighing from 0 to 18 kg wore used ns recipients, while 
the donors ranged from 15 to 32 kg in weight Preoperativel), each received 4 to 5 mg 
of morphine per kilogram and V^oo gram atropine Pentothnl sodium (2Vi per cent 
intravenously was used as the anesthetic agent Each animal had an endotracheal tube 
inserted The recipient was \entilated by a mechanical respirator while his chest was 
opened During the interval of cardiac bj pass, the recipient’s lungs were collapsed, and 
the donor was \ entdnted with 100 per cent oxygen 

The donor was placed on his back on a table (Fig 1, -4), the foot of which was at 
riglit angles to the head of the recipient (Fig 1, f>), who was positioned preparatory for a 
right thoracotomy The femoral artery and vein of the donor were isolated and cannulated 
with plastic 12 Fr catheters (Fig 1, JA), following which ho was heparinized (0 75 mg/lb) 
The right common carotid artery and the external yugular vein of the recipient were isolated 
and the carotid cannula inserted and passed 5 to 6 cm toward the aorta (Fig 1, P and SB) A 
thoracotomy was then made through the right fifth interspace of the recipient, the azygos 
vein was ligated, and umbilical tapes were pnsoed around the superior and inferior venae 
cav ae at their entrance into the heart (Fig 1, BB) Hext, the pericardium was inci'cd 
longitudinallv yust anterior to the phrenic nerve, and the anterior margin of the poncar 
dium was sutured to the wound margin to elevate the heart in sling fashion into the 
operative field The recipient was then given 0 75 mg heparin per kilogram intravenough, 
and the yugular vein cannulizntion was made This cannula had accessory holes cut along 
its shaft at a distance from tlie tip greater than the space between the vena caval tapes in 
the animal concerned As this cannula was passed down the yugular into the envoi system, 
the tip was guided into the inferior vena cava and positioned so that the holes in the 
catheter wore well above and below the superior and inferior vena envoi occluding tapes, 
respectivelv (Fig 1, IIB) 

yVith these animal ])repnrntioiis completid, the final step was the connection of tie 
pump (Fig 1, C) to till plastic cnniiiilne The desired flow was determined on the basis o 
the recipient’s preoperalive weight nnd the nzvgos flow factor The pump was set to 
deliver this amount in inch circuit One of the nfTeront limbs of the pump tubing was 
connected to the donor’s femoral arterv cniiniiln nnd the pump was turned on momentan 
to fill tins Imlf of the i xtrniorporent ciriiiit The efliniit end of this circuit was then con 
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necteil to the recipient's carotid arterv cannula, thus completing the arterial circuit Kext 
the remaining alTerent hmh of the pump ivas attached to the recipient’s caial cannula, the 
pump ivas again run for a "^hort interval to fill this portion of the circuit, whereupon the 
remaining efferent limli ivn« connected to the femoral vein cannula of the donor The total 
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qunntifv of blood required to fill these tvro circuits rvas approMuiateh 120 ec tVith tie 
arterial and lenoiis circuits connected, the pump was turned on, the \enne ca\ae occluded 
and the right ventricle opened wideh through either a \erticnl or a honzontal cardiofomi 
V soft plastic suction tip was then inserted nell up into the right lentncular outflow tract 
to remoie coronan sinus and thebesian blood In those annuals uhere a septal defect iva-^ 
made, a cork borer or a No 11 Bard Parker kuife r\ns inserted through the upper portion 
of the \entnculnr septum Immediateh following this, a second plastic sucking catheter 
was passed through the defect into the left \cntriclc where it remained during placement 
of the septal closure sutures Just before these were tied, the septal sucker was replnceil 
bi a metal cannula which injected 5 per cent glucose into the left \entricle for the purpo<i 
of air displacement This flow continued until the first septal suture was tied, whereupon 
the cannula was withdrawn The remaining sutures were tied and cut, repair of the car 
diotomr was done In a continuous full thickness silk suture During closure of the len 
tricular cardiotomi no attempt was made to remo%e coronarv sinus blood with resultant 
gradual filling of the right i cntncular caiiti As closure of the cardiotoniv was completed 
the recipient was put back on the mechanical respirator and the inferior vena caial tape 
was released gradualh and carefulU to ai oid dilatation of the right auricle -Iftcr thi 
the superior lenn cam was smiilarh released slowh nnd the pump turned off The ched 
was then closed and the cnnnuinc were remoied from the patient and donor with ligation of 
all 1 essels concerned The recipient was usiinlh gicen JO mg of protamine sulfate and 500 
mg of cnlciiini intraicnoush at this time Po«toperati\eh all animals were given 000,000 
units of penicillin intraiciioush once daih for 4 to 5 davs, nnd 300,000 units procaine 
penicillin and 0 5 Gin streptonncin intraniuscularh for one week 

In those aninials in which plicsiologic studies were performed during complete cardiac 
be pass the lentriciilar cardiotoniv wa<» not performed ' 


KESLLTS 

The lesults of these studies iinohing cioss ciiculntion mnt be comen 
lentlv subdnided into two categoiies 

Giouj) 1 the study gioup consisted of 31 dogs (17 as lecipients and 14 
as donore 3 semug as donoi-s twice) utilized foi ceitam phjsiologic and 
nietabolie obseijations to iiseertain efficiency of this method foi maintenance 
of complete caidiac Id- pass foi thiitt minutes As mentioned ahotc, caidi 
otomies weie not peifoimed in this gionp of animals 

Grotip 2, the opeiatnc gioup consisted of 67 dogs (37 as leeipients and 
30 as donois 7 sening twice) in which light tentucnlai caidiotomics wnth 
the cieation and then immediate closiue of a high jentnculai septal defect 
was peifoniicd IVith the exception of plasma hemoglobin deteiininations no 
phjsiologic studies weie peifoimed on these animals These operations wcie 
done wuth clean but not steiile technique, then piineiple obiectne was to de 
teimine the toleiance of the nnocnidium (and eondncfion s\steni) to eaidioto 
imes and niters enti icnlar septal sntnie at blood flow latcs consisting of ^ari 
ous multiples (1 to 5 5f times) of the .azagos flow 


PnXSIOLOGIC ODSER\ VTIOXS 


These soaenteen ainnnls in the study gionp aacre fnitlici snbdiaidcd into 
tlnec categoiies upon the basis of the late of blood flow used to peifuse the 
whole body of the lecipicnl during the peiiod of total cardiac ha-pass 


since the luntra of the recipient were completel} collnpeod durlnp the entin 1 “ rm>l of 
canlKc b\-na«^ the intern'll recimiJnt/on of the co^onnr^ flow contribute'} nothing t 

the animn! ^ in the«^ ptmU animal-^ 

15 5 lime’< the flow I* nppro\lninte|> 30 to 50 jkt cent of the u'^uall' nrr» pi 

b'lS'il cardiac output 
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Gioup Ax lepresents the dogs m ^^hlch the pump was set to deliver an 
amount of blood exacth equal to the recipient’s azvgos flow* as calculated 
from the pieMOUs measm ements- upon azvgos flow m relationship to body 

u eight 

Group A; lepieseuts dogs A\ho lecened a late of blood flow to the lecip- 
lent of tuice A, 

Group A 3 represents dogs leceued a late of blood floM thiee times Ai 

There ueie two animals in Gioup Ax, seien in Gioiip As, and eight ui 
Gioup As Gioup Ax was lunited to such a small mimbei of animals because 
the results obtamed seemed to closely paiallel those of the autogenous lobe 
stud^’ in which flows of the same magnitude weie used Further, the experi¬ 
ments nil oiling cieation and closuie of lentneular septal defects indicated 
that the heart toleiated trauma pooily whde receinng flows of Ax magnitude, 
so that it did not seem piaetical to expand this gionp 


Tible I Blood Pressipe Alter-vtions of the Bech iext Ditong Thirty JIivutes or 
CovrroLLED Cross Circcl-vtion (mu hg)’ 


KATE OF rijOW 

i BEFORE 

HIGH DtTBING ] 
CIBCOATION 1 

1 LOWDUFING 

1 cmCCLATIOV 

ATTEF 

A, 





(Azvgos) 

(i2) 

Aj 

(Arvgo«) 

(xH 

98 

48 

20 

95 

115 

80 

61 

100 


iNcrasL prc*»uro> lor * rtops In Group A„ nnd S flogs In Group Vi 


Blood Pressure —The lecipient s mean femoial nrteiml blood piessure as 
recorded b\ moroun manometer was observed immediateh before, during, and 
within two minutes aftci shutting oft the pump at the conelusioii of thirtv min¬ 
utes of total caidiac In pass Poi the two Ax animals the results were similar 
to those ohsened prciioiisli in the autogenous lobe stiidi laiiging between 30 
to 40 mm Ilg dining In-pass inth a prompt letinn to contiol levels after 
coiuhision of tlic In-pass The gioup A; animals had a contiol blood pressure 
ol hS mm Hg with n mean highf of 48 mm Hg and a mean lowi of 20 mm Hg 
1 lu ictuin to (.nutrol lc\els was pioiiipt 

The Vj group had a less seieic diop 111 ssstemic blood piessuie with a 
moan hmh of SO mm Hg and a mean low of 61 mm Hg during the cioss-circii- 
litmu peiwul These data in res])cct to the blood piessnre changes, are siim- 
m 11 171 d m Table 1 


Hrmo/i/Ms The degree of heniohsis occurnns: during these cross circiila 
tmn studies was im isiiicd hi plasma hemoglobin determinations done pist prior 

to starting the pump and one half hour after the completion of the 30 minute run 
\ t 

111. .1 11 L .1.1.1,11,1 1 ,l.|c II 11,„ 


1 Ula l,. u rr /Vx 1 «m 1\ wilclit tiiinutt 
tl! ir „ ntK till uvimt; o! ili lilchrcx rr-,-r,. .. . 

inltun. lUirlnx ll,.' tin, of mini rxrllnr bj 
SK pr m- m. „„ ,n ot 0,0 ln« 1 i,,,!, 


unK rniilnmine,! f„r nt IciiM fix.' 
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might be auticipated, tended to ineiease in propoition to the increase in flow 
rate However, m light of the ell-knoi\Ti fiagilit} of canine led cells, the 
niaximum values observed did not appear excessii e 


Table IL Plasjia Hemoglobin Determinations After Thirty Minutes of Controlled 
Cross Cifcolation (mo per cent) 



1 

RECIPIENT 


DONOR 


TATE OF FLO'Vr 

1 NO DOGS 

before I 

AFTER 

BEFORE 1 

MTEP 

A, 

(Azygos) 

2 

31 5 

46 7 

— 

— 

A, 

(Azygos) 

(x2) 

7 

30 8 

49 9 

27 8 

50 0 

A, 

(Azygos) 

(x3) 

8 

391 

128 4 

35 7 

1421 


Hemoglohin and Hematocrit Values —Hematocrit and hemoglohm deter 
mmations wei e made just prior to and just after the conclusion of the penod of 
mflow stasis on all recipients and on all donors in Groups and Aj (Table III) 
In eien instance theie vas a use m the hemoglohin content ranging from 2 to 
3 Gm per cent with a coiiespondmg rise m hematociit This hemoconcentration 
N\ as transient, and witlun two hoxu's postoperativelv, all values had returned to 
the preopeiatne levels 


Blood Oxygen and Carbon Dioxide Contents —^Aiteiial, lenous, and cere 
bral* arterial oxygen determinations weie made on all recipients before the 
onset and just pnoi to the end of 30 minutes of total caidiac by-pass In each 
of the three groups it may be noted (Table IH) that theie vas a mean in 
crease of fiom 2 5 to oier 5 volume pei cent in the 30-minute aiteiial owgcn 
content oier that observed in the control state This nse appears to parallel 
the henioconeentiation obseiied 


On the othei hand, the lenous samples dinvii neai the end of 30 minutes 
of total by-pass shoved a maiked diop in then owgen content fiom control 
levels of 10 to 14 lolumes pei cent to 3 to 6 lolumes per cent This desaturn 
tioii was maximum in the Ai gioup of animals vhere the mean 30 minute 
1 enous oxvgen content vas onlv 3 09 lolumcs pei cent, vhile in Gioup A- 
it vas 4 50 lolumes per cent, and in Group Aj it vas 6 40 lolumes pei cent 
This lariation in groups no doubt leflects the diffeience in pei fusion latcs 
mth slover flovs permitting moie complete utiliration of aiailable oxvgen 
bv the tissues The recipients’ cerebral arteiial samples had slightly smaller 
oxygen contents than their systemic aiteiial samples, but shoved the same 
alterations as did the othei aitenal samples, nanieh, an inciease during the 
perfusion penod These lovei contents vcie explained hi the fact that these 
samples veie taken fiom the distal end of the caiotid used foi cannulntion 
andtheiefoie came fiom the ceiebial collateial ciiculation 

The Ncnous carbon dioxide contents shovn in Table HI mereh deinnii 
stratc an expected ineiease in the taibon dioxide content of the leiious blood 
returning to the donor for oxn geiiation 

•Samples dra^\-n from distal (cerebral) end of tlic carotid nrterj used for cannulUntInn. 
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Aitciial pF—Aitenal blood samples ueie diaini (befoie peifusion) for 
pH deteiminations on all animals (inth the evception of the tiio doiiois in 
Gioup Ai) The 30 minute samples ueie diaun diiecth fiom the nitcnal 
poition of the extiacoipoieal ciicuit with the pump luiining, and vere inter 
pieted as lepiesenting the pll of both animals, since complete miAing’ of the 
bloods had occuiied seveial times ovei In this time It is inteiestmg to note 
that the mean eontiol pH leiels in the lecipients iceie slightly on the alknlotit 
side, uhile the donois ueie slightly acidotic This diffeienee, ne belieie ic 
suited from the fact that the lecipients ueie aitifieially ventilated In a me 
chanical lespiratoi dm mg the piepaiatoiy phases, uhile the donors vieie nl 
lowed to bieathe on then omi durmg this phase This disciepaiiev has been 
eliminated in subsequent studies 

The pH values in the postpeifusion samples showed a consistent fall fiom 
the contiol values (Table III) The decline in pH was gieatei than had been 
anticipated, foi it was expected that the pieseiiee of the uoimally functioninp 
lungs, In ei, and kidnev of the donoi in the evtiacoipoieal eiicuit would ieduce 
the magnitude of this change as compaied vnth the degiee of acidosis observed 
in the autogenous lobe expeiiments" Howevei, it may well be that, had the 
donor been piopeilj ventilated thioughout the entiie piocediiie to pi event this 
initial acidosis, this diop in pll might have been consideiablv less 

In the couise of these studies in which total caidiac bj-pass was main 
tamed foi 30 minutes, theie vveie no deaths among the donoi’S, 3 of the 17 
leeipient studv animals died 24 horn’s aftei suigeiv' In all thiee of these 
animals death was due to a pieventable complication (two of postopeiatnc 
hemoiihage into the chest, and one of atelectasis vnth pneumothoinx) 

CRE-VTlON \M) CLOSURE OF V’ENTRICULVR SEPTAL DEFECTS BV SUTLRE 
In this second (oi opeiative) gioup of ammals theie were 37 dogs m wliicb 
high inteiveiitiiciilai sejital defects weie cieated and closed ns desciihed In 
23 of these dogs the late of peifusion duniig caidiac bv'-pass was less than 
thiee times the calculated azv gos flow (based on bodv weight) In these 23 
animals theie weie 15 deaths and 8 suivivois Moieovei, 2 of the 8 survnvors 
had ceiitial iieivous damage Ventiiculai fibi illation occuiiing m association 
wutli an atonic mjocaidium was the most fieqiient cause of death m this gioup 
In 14 dogs the identical opeiative piocediiie was earned out with a per¬ 
fusion late of 3 to times the calculated azv gos flow In these dogs there 
weie 10 (72 pei cent) suivnvois (none with ceiebial damage) and 4 deaths 
Ventiiculai fibiillation was much less fiequeiit with these liigliei lates of blood 
flow and in those dogs in which it did occui the bettci nivocardial tone undo 
successful defibnllation the luic Heait block was ohseived onlv once ni 
eithei gioup 

DISCLX'-ION 

Pioni studv of the data piesented theie ,iie sevcial obseivations woithv 
of note in legaid to this method of controlled cioss ciiculation utilizing a re 
(luted I ate of blood flow foi the svsfenm peifusion of the leeipient The ietii> 
units as a gioiip devcloiied n modi rate hemocoiiccnf nfion nia\ininl nrlornl 
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hemoglobin satuiation and maiked Aenous desaturatiou Avith a consequent m- 
trease in the coefficient of ovrgen ntibzation TThen these changes occuned 
to a moderate degree, thei appeared to be beneficial, as has been prenonslr 
(liseussed ” Jloreovei, these alterations iieie not siguificantli' diffeient m 
imgnitude from those observed in the autogenous lobe studies The acidosis 
oliseried in these cross-en cidation stucbes iias also sinnlai to that found m 
the cailiei studies' As noted at that time, iie haie considered a moderate 
degice of acidosis a desirable featiue inasmuch as it augments the dissocia¬ 
tion of o\A hemoglobin In these piesent studies it is quite possible that the 
degice of acidosis noted A\as in part due to neglect of adequate ventilation of 
the donor dunng the prepaiatoiT stages of the opeiation 

Another iioteivoithA obsenation nas the apparent tolerance of the recip¬ 
ient to prolonged peiiods of hi^potension during the cardiac bi'-pass and the 
njnd return to nomial, demonstrated bv these animals when a enous nifloiv Avas 
restoied to the lieart Tins obseimation Avould suggest that theie niaA be a 
fundamental diffeience between In-potension due entiielA to a small but Avell- 
oxAgenated quantitA of aiteiial blood ciiculating (as is the ease m the recip¬ 
ient in the cross circulation setup) and the profoundlv deleteiious effects of 
piolonged peiiods of hvpotension due to Ioav caidiac output occasioned bv 
trauma oi blood loss 

The 1 csults of the opei atn e senes indicated in a stnking manner the ef¬ 
fects that an increased pei fusion rate had upon the tolerance of the heait to 
siiigical trauma The mannei in iihich the heart tolerated septal incision and 


suture in the gioup of animals pei fused at floiv rates 3 to times the azvgos 
leiel indicated that the lecipieut’s blood pei fusion rate dunng total cardiac 
liA-piss can be substantialh i educed in quantitA Ainthout sigiuficantlv i educing 
the tolenuce of the mAocaidium to siiigieal manipulation The seieral com- 
ptusitoiA fictoiN responsible foi this faioiable state of affaii-s have been pie- 
auiusIa discussed One of the most important of these protective factors 
related to the uiAocaulium itself is the fact that once the heart has been re¬ 


bel ed of its AAork load bi the pump its oxvgen consumption is drasticallv le- 
diieed Thus maiiiteuauce of moic coionari Aoaa than is needed serves no 
useful pill pose and is actualh detrimental because, if the heart is opened 
blood loss AAill be imi eased md the surgeons’ nsion obscured Other ad- 
A int.igcs of pci fusing the bodi iiith less than the geiieralli accepted basal 
lardiiL output iic the gicitei sinipliciti and consequent safetv possible 
Ihcrefoie it beconus of the utmost importance to define obiectiielv the opti¬ 
mum 1(AC1 to AAhich total bodA floAA uiaA bc quaiititatiAclv 1 educcd AAithoiit uii 
toAA ird s,,,ne u I be opcratiic lesults suggest that this optimum leiel is 
MuiuiA uri le A\ein •ind lO per cent of the basal caidiac output Obiiouslv 
fuitbei pliAsioloL'ie studios me required to determine this important infoima- 
tioii iucciscIa 


flu dmemrs to the donor i,i controlled moss ciiculation appear to be 
ura luiblc If dm attention is pn,d to the canine blood gioups’" and to au cm! 
b. bsm Til, latt. r b is mciirred onli iihcn the recipient’s leiia caial catheter 
A IS uup.operlA pi Hid so that blood aaus not aspirated simultaneouslv fram 
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both ca^ al sa stems or impropeily placed so that one of the openings laA inthin 
the occluding tapes and an A\as aspiiated A\hen the heait nas opened Libe 
inse, it IS important that the donor’s aiteiial eathetei tip be in the aorta to 
pieA’^ent the openings being occluded bi a eoUajised Aessel nail 

The temporary physiologic effects of controlled cross on dilation upon the 
donor are siniilai to an arteiioi enous fistula 

suaiaiara axd conclusions 

1 Controlled cross circulation consists of the lecipioeal tiansfei of blood 
from the aitenal sAstem of the donor to the aiteiial ciiculation of the iccipicnt 
and fiom the venous sj stem of the lecipient to the a tins of the donor 

2 The use of a single pump capable of pumping tA\o eneuits simultanc 
ousIa and in equal amounts has seried to eontiol this intei change of blood 
efficiently and safelv 

3 With tAvo annuals linked togethei by means of contiolled cioss encula 
tion, the recipient’s caidiac mfloAv A\as completeh' occluded for 30 minutes in 
IT dogs in A\luch physiologic studies A\eie made and in 37 other recipient am 
mals m A\hich a nght Aentncular caidiotomv Anth cieation and closure bA 
suture of a defect in the inten^entiiculai septum A\ns peifonned 

4 In the 17 lecipient ammals compiising the study group, the circulatoiv 
flow diuing their peiiod of total cardiac by-pass Aias ieduced substnntlall^ 
beloAA then normal basal cardiac output 

5 No hamful effects A\eie obseiAed in the lecipients folloinug total 
caidiac by-pass at these leduced lates of Aoaa RecoAciy A\as unifornib 
prompt and Anthout sequelae 

6 Physiologic obsenations upon blood piessuie, hemolysis, henioconcen 
tiation, acid-base balance, Aenous caibon dioNide content, and arterial and 
Acnous o\Agen contents A\eie made in these animals Duiing the liA-pass 
period at ieduced lates of blood floA\, the lecipients’ aitenal oxAgen content 
rises and the aciious o\a gen content falls substantialh, resulting in a consul 
eiable iiiciease in the recipients’ coefficient of oxygen utilization These 
changes aie also associated AAUth an acidosis of moderate degree The iiiiplica 
tions of these a aiious obseiA ations are discussed 

7 In the 37 lecipient dogs compiising those in which Aentncular septal 
defects A\eie made and closed it A\as found that in the 23 dogs in whom the 
flow rate dining the opeiatire procedure was mnintnincd at the azAgos flow 
IcAoI (8 to 14 c c /mm/kg bodv Awcight) oi up to tliiee times tins le\el, the 
opentiAc iiiortalitA' A\as high (65 per cent) due to the frequent occurrence of 
Aentiiculai fibiillation associated wnth an atonic niAocaidium "When the flow 
rate Avns maintained at fiom 3 to BYj times this azAgos Hoaa lc\el, Aentncular 
caidiotoniA Asith cieation and snliiic of a sejital defect was well toleratcil 
(72 pel cent suiaiaoi-s) 

8 Thus it was cudeiit that llii hcait can s itisfactoiih witbstaiid suigi 
cal mampulntion A\lien pioAided with wciI-o\A genated arteiial blood m id 
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Dines mDch less than the normal basal cardiac output The optimum level to 
V hich this floiv mav be reduced vuthout sacrificing safety needs more precise 

definition 

9 Controlled cross cii dilation ivas found to be a verv safe procedure or 
the donors The donors’ hazards nere confined to easilv preventable compli¬ 
cations such as blood mcompatibility oi air embolism due to faultv can- 


nulations 
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DB E COTVEROE PEIRCE II, Knoxville, Tenn —^I should lihe to cong^ratulate Dr 
Warden and the other members of his group on successful human application of cross 
cirenlation, and would lihe to sRow a 'hort movie illustrating cross circnlahon applied to 
l)\ passing the left siiie of the heart to enable one to work on the mitral valve This was 
wort ed on dogs Rv Dr Tames Oouthworth and mvseU about three vears ago In this prep 
nrition wo utilized a circulation that tabes the blood from the recipient’s left pnlmonarv 
arten to the femoral leins on the donor and returns it from the femoral arteries to the 
left 'ubclaiian arterv 


fFilml The 'hunting tubes are in place and we are about to open the heart which 
a ill be nlatuolv hloodle— This procedure i' done without a pump A pump is necessarv 
in order to bi pas- th( entire heart bnt not nece'sarv to bv pass the left heart One can 
see into the mouth of the auricle vou wiU shortlv see the mitral valie The valve leadets 
are present hen and on «low motion sou can see bow thei are pushed outward b\ blood 
collecting in the i. utricle Dunng injection of a sclerosing material into the mitral valve 
hbnllation oeeurs Oeb.ec,uentlv we used fibrillation deliberntelv to .till the heart It is 
well tolerated under cross circilalioa and ,t makes it much easier to work ius,de the heart 

The b.art has now been resulurel and a s^a^ie electric shock produces reversion 
in beating that it v as adcqiiat.b oxveenated .i i , reversion, 

t.on of about 30 m.nub s ^ circulation despite fibnlla 
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cept and nppliaition, remnrknblv safe, inexpensive, indely applicable, and most important ot 
all, allowed the surgeon prolonged time within the open heart in a relativelv drv field 

In the three clinical cases of closure of interventncular septal defects which 1 shall 
mention bnefli todai, we have been 3 oined bv our colleague at the Unuersitv of Mm 
nesota, Dr Richard L A arco, who has been an earh and enthusiastic adiocato of the po< 
sibilities of this method 

fSlide) This diagram illustrates the method of linking together hi plastic catheters 
of the donor and patient in the clinical cases, and is almost identical to that utilized in 
the oxpenniental work In all three of the clinical cases the donor lenoiis catheter has 
been inserted through the saphenous \ein with the tip positioned in the iliac lein or in 
ferior i ena cava The artenal cannula of the donor has been put in through a 'mall 
transverse nick in the superficial femoral artery with its multiple holed tip positioned in 
the abdominal aorta so that there will be no possibilitv of obstruction during perfu'ion 
bi collapse of the lessel wall In the patient the \enae caiae cannula is inserted from the 
neck bi means of a short 'upraclai icular incision exposing the jugular lein The tip of 
this catheter lies in the inferior lena cam, and ho’cs cut along the shaft arc positioned 
to he in the superior vena cai a Thus this cannula draws blood from both caial svstems 
during the cardiac bi pass The patient’s arterial catheter is inserted through the right 
subclaiian arterv with the tip directed toward the aorta The onh i cssel utilized in thc'e 
cannulations which requires repair is the small nick in the donor’s superficial femoral 
arten which has been routineh repaired b\ a few stitches of G 0 silk 

The pump model utilized bv us in all the dog and human patients is simple, efticient 
and wideh utilized in industn The same pump colors the range from small dogs to 
adult human beings The maxinium plasma hemoglobin obsened in the three clinical case' 
has been 12 mg per cent The entire svstem has onlv two controls one is a speed changer 
which IS set ahead of time bi direct calibration at the rote desired, the other is a switch 
to turn the electric motor on and off The blood in the extracorporeal circulation (lolamc 
about 100 cc ) neier leaies the short plastic tubes, so that leri little heparin is needed 
Postoperative bleeding, moreover, has not occurred in the clinical patients probnbh becansc 
fibrinogen and platelets arc not removed from the blood b% this method Since the plastic tub 
mg and catheters are disposable, sterilitx is not a problem 

All these cases haie been operated upon at normal bod\ temperature The an go' 
flow concept indicated to us that attempts to pump the full amounts of the so called 
resting or basal cardiac output were complete!' unnecessan and actual!' detrimental for a 
number of reasons, of which one is that the coronnn sinus blood loss ivill be great!' incrtased 
therein 

The problem of working within the heart ho'ing been thus sohed, the next problem 
was technical in nature, 'iz, ho'v best to close inter'entriculnr septal defects Jfo"t of 
these defects lie in a characteristic position high in the septum in close juxtaposition to the 
aortic, tricuspid, and pulnionnr' 'ahes Careful stud' of fresh nutops' specimens o'cr 
the past three to four 'ears had demonstrated to us that e'en the largest inter'entncular 
septal defects could casih be closed without tension b' sutures placed under direct 'I'lon 
with the heart emptied of blood This method of closure b' direct suture of the opposing 
edges has been successful!' utilized in all three of our clinical cases Despite reports to 
the contraiw we ha'c found both cxpennicntall' and clinical!' that the conduction s'stem 
of the heart has presented no problem in the placement of stitches in the ' entncular 
septum ns long as the tcnipcrnture and ox'gcnntion of the m'ocardium are normal None 
of our patients’ hearts has fibrillated or shown an' appreciable nbnominlitv of rh'thra 
before, dunng, or after bvpa's N'o drugs, other than digitalis, hn'C been used 

The exposure is through a long nght 'entncular cardiotom' AVo hn'e operated 
upon three patient' The first was a bo' 1 'cnr old, who had been in the hospital for the 
preceding <1 months because of continual cardiac failure and pneumonia His vcntncle 
was open for minutes during closure of the defect The operati'o procedure went 

'cr' well, ho'vo'er he died on the elc'cnth postoperati'c da' because of a trachcohron 
chitis and pneumonia This was quite a disappointment but we were con'meed of the 
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■=ounane" of the method. The next tveeh we did the following two cases, "botli of wlueli 
hate been <njcce‘='fuL In the <econd case we had •^ome technical difBculties with exposure 
of the defect (which have «mce been solvedl which required the ventncle to be open for 
"4 mmuiec This bov has coniale=ced sati^factonh in spite of 'ome postoperative pnen- 
moma and the shunt 1 = clo-ed This ca‘e illustrates graphicallv the reserve of tune that 
the surgeon has at his disposal with this method The third ease a 5-vear-old girl had 
the largest defect of all but probablv because of increased experience the operation went 
smoothlv Onlv ten minutes u, the open heart was reqmred to close the defect The premous 
loud svnohc murmur and thnU of the thud patient was lompletelv gone 

Almost all blood relatiies will have compatible blood and in all these children we 
hate had our choice of nsmg either the mother or the father as the donor Xonc of the 
donor' to date has evpenenced anv untoward effects, thev have all been discharged from 
the hO'pital 24 to 36 hour' postperfnsion with good anenal pulses in the utilized leg 

‘^ince the original presentation of this report seven additional patients have had di 
re, t vision intracaribac procedures performed bv ihis method Tour of these patients have 
had closure of lentncular septal defects three successfullr The death occurred four davs 
pO'toperativelv in an infant with onlv one functioning lung Two patients have had 
clO'Ute of an ainoientncnlans communis The first patient was a failure because of im 
proper technique of closure in the second patient complete closure has been successful 
One patient has had direct vision resection ot an isolated infundibular pulmonic stenosis 
f’Crforraed 'ucce'sfu)h A one of the'e donor' has suffered anv ill effects 


DR TOHX H GIBBOX Tr Philadelphia Pa—We are 'till convinced that it is 
preferable to perform operations involving an open cardiotomv bv some procedure which 
doe' not involve another healthv person There must be some n'k to the donor in a 
cro-s circulation 

(''lide) This Is a photograph taken at operation of the opened right ventricle of a 
vear obi man with an interventricular septal defect While the heart was open, the 
cardiorespiratorv functions were maintained bv an extracorporeal blood circuit for 26 
minutes while the defect was clO'ed 

(Slide) This <howj the defect clo'ed b\ four interrupted silk sutnre' This man 
went through the operation verv well, but he died fiie hours later 

One vear ago ire clo«ed a large interatrial septal defect through an open cardiotomv 
wMle the cardiore-piratorv functions mere maintained for 26 minutes bv the extracor- 
poieal blood circuit ('^hdel This photograph of the IS i ear-old girl was made three 
months later when 'be returned to the ho-pital for cardiac catheterization which demon 
'irate 1 that the defect was completeh closed The patient is perfecth well one vear 
after the operation There are no cardiac murmurs and her heart ha' decreased in size I 
still 1 dice c that the ideal me.ho.l ot performing an open eardiotomi is the maintenance 
of the cardiorcspiraton functions b, an extracorporeal mechanical blood circuit with the 
patient at normal bodi temperature 


LO(2KI\OOD Toronto Ontario—In 1''24 I pointed out that X thought 
It tl' >'c in thoracic surjjizi pi en suficient blood proper diagnosis and a 

«. re nn< le la ^think we hnic more than scratched the surface of thoracic 

surucri but I UOUM like to point this out You are not getttng vour peat aceompb h 
<uoTt tn t thi ViOrk into nU thi lojirri.*! » .» t — j-iraitfr 

. .a vni joumaN not onh the Jorr\ \i. of Tuor\nc ^urerrv Knf 

irto ilu \-innu '•tntt in(nn ? c, .xU ^ r ^l t uu Y Dot 

. . oitr t.i tlH , iitn the po^ ilnlui. of clZ; 

of looking at each patent r i.ecalh the a lulroc twgenev 

of tal ini, thoracic rot ntg. nogran s of alt adult patmps' ^ 
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THE AIVIERICAN ASSOCIATION FOE THORACIC SURGERY 
Notice of Annual Meeting 

The Thirty fifth Annual Meeting of the American Association for Thoracic Sargeir 
will be held April 24, 25, and 26, 19o5, in Atlantic City, New Jersey Headquarters will 
be at the Chalfonte Haddon Hall 

Requests for Hotel Reservations 

These should be mailed directly to Miss Dons Sears, Convention Manager, Chalfoate- 
Haddon Hall, Atlantic City, New Jersey Please mention this Association, the type ol 
accommodation desired, date and apprommate hour of amyal If accommodations are 
desired elsewhere in Atlantic City, please communicate directly with the hotel of your 
choice 

Thoracic Surgical Forum 

By vote of the membership, the Porum la to be continued for the presentation of 
short papers on current thoracic research, experimental problems, anatomical studies and 
modified or new surgical techniques The inclusion of any considerable amount of chnicsl 
material in these reports makes the choice more difficult and the Program Committee re 
serves the right to reject such papers or to suggest their transferral to the regular program 
Papers at this session will be limited sharply to ten minutes, including the showing of 
lantern slides or other illustratii e material At the discretion of the President, three 
minutes may be allowed as the maximum discussion for each paper 

These papers will be published together in one issue in the JouWsAL or Thoracic 
Sdeoerv Maximum length 3,000 words without illustrations If illustrated, an sppro 
priate number of words must be subtracted for each cut used 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1955 meeting, including papers before 
the Forum, must be received on or before Dee 15, 1954, otherwise they will not be con 
sidered by the Program Committee 

Abstracts should be labeled “For Thoracic Surgical Forum,” or ‘‘For Begulur Pro¬ 
gram " 

File, repeat, five copies of each abstract must be sent to tho Secretary of the Associa 
tion. Dr Paul C Samson, 3959 Happy Valley Road, Lafayette, California They should not 
be sent to tbe Editor 

The abstracts should contain from 200 to 250 words and accurately reflect the con 
tents of the completed paper 


Applications for Membership 

Applications for Associate Membership in the Association must be received 'I"' 
Membership Committee not later than Dec 15, 1954, otherwise, tho applications vri f 
deferred for consideration until 1956 

Applicants must be sponsored bv three Active or Senior members of the As'ocio i 
In addition to tho signatures on the npphcation form, the sponsors must forward o '-T 
araie letter concerning the nppbcant directly to Dr Lyman A Brewer, HI, Chninnan o i 
Membership Committee, 2010 "Wilshire Blvd, Los Angeles 5, Calif 

Completed application forms and tho spon'onng letters independently sent bv tbe *' 
sponsors must be received by Dr Brewer not later than Dec. 15, 1934, to be consideivd er 
action in Atlantic City 

Sponsors are reminded that new letters of recommendation must be forwarded to 
Membership Committee should their applicants be held over for reconsideration a second rfvr 
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THE CONSERVATIVE AXU SURGICAL iIAXAGE:MEXT OF BEXIGX 
STRICTURES OF THE ESOPHAGUS 

P\LL H HoLINGEK, HD, IVENXETH C JoHN^TOK, HD (BY ACTION'), 

VTlus, I Potts, iLD , Chicago, III , tXD Fern axdo daCoxha, H D 

(BA INVIT4TI0Y), RlO DE JANEIRO, BkAZIL 


B EMGX strictures of the esophagus present a varietr of problems Avhich 
intlueuce the choice of therapv ilanagement Ls dependent upon the 
etiologA ot the stenosis the age of the paUent the seAeritv and duration of 
obstruction and the success or failure of prenous therapv Constant re- 
OAnluation of each patient during the coui'se of treatment must be considered 
and the therapeutic program made flevible enough to aUoiv for minor or 
major chances according to the response to treatment 

Benign strictures of the esophagus are common cbnical entities Thev 
un\ be congenital lullanimatorv chemical traumatic oi surgical in origin 
The\ \an in degree and extent from small superficial uebs to extensne 
fibrous stenosis or conipkte atresia thev range in duration from recent 
nnil( obstruction to \ears of nuiumal or moderate disabilitv often of un- 
knon n or forgotten etiologi 

An iiKreasing interest of internists and saiigeons in lesions of the esopha¬ 
gus fo( uses attention on the jiroblenis of licnign strictures of the esophagus 
V rcAie'i of the literature demonstrates the large number of such cases that 
Here treated in the past b\ otolaimigologists and some gastroenterologists bv 
pt roral endoseo])ie or retrograde tecbniejues Thea nere jinmarilv eon- 
(eriud mill the caustic strictures congenital stenoses stnetures due to 
adiaiuid e ardios|)asm politic ulcers of the esophagus often associated nith 
(oiigenitilh short esophacus or hiatus hernia 

In n ((nt Ve irs the additional problem of stenoses follomng repair of 
('■oplngeil itrc'-ii reseitiou of benitni esophaccal strictures and stenosis 
lollowing resoition of gastrn or esojihageal caicinoma Iiaie created a new 
gt^ of , is(s These now rcfimre an ca ablation not onh of therapv per se 


If ni Tl 
U!ln 1 < c 11 p 

\ i\ \ !\\ ll 

'' if 4 n nt M nt 




nn I Che- 1 nh of 

AKocintlon for Tliorndc 


•’45 



346 


THE JOURNAL OF THORACIC SURGERY 


but also an analysis to indicate the lapiditj inth uhich this pioblcm is in 
creasing in ordei to emphasize the necessitj of avoiding this senous complicn 
tion, if possible, at the time of suigery 

CONGEMTAL STEROSIS OF THE ESOPHAGUS 

Congenital stenosis of the esophagus not associated vith a cougenitalh 
short esophagus may be smgle or multiple vebs or stiictures nnolnng seg 
ments of the esophagus larjung in length fiom 1 to 10 cm ^ Congemtnl velis 
aie not common, and lespond immediately and usually iieiinaiienth to a 
single dilatation oi a shoit senes of dilatations This piocedure ma^ consist 
of dilatation mth an esophagoscope guided thiough the veb oiei a string or 
an esophageal bougie, oi ivith graduated mercuij’’-tilled lubbei bougies that 
may be rapidly increased in size because of the ease mth uhich the veh 
responds to dilatation Strictuies of ivhole segments of the esophagus are 
more common, and fiom an endoscopic standpoint mav be subdnided into 
tv 0 furthei gioups because of then diffeient endoscopic appearance and their 
lariation m response to theiapj In each, the distal esophagus is most fre 
quenth imolved Esophagoseopically, the vails of one tiqie appear ex 
tremely soft, covered vith gianulation tissue, and appaientlv deioid of 
mucosa These respond lapidh to dilatation by esophagoscopi or niercurv 
bougies The second type of congenital segmental esophageal stenosis is a 
fibrosis stiictiue, often e\tiemely firm (Fig 1), and response to dilatation is 
slovei, the stiicture is more resistant to dilatation, and the lumen is not 
maintained foi as long a postdilatation peiiod Many of these verc dis 
coxered vhen a foreign body caused complete obstiuction and roentgeiiognnis 
of the esophagus x\ere taken aftei the foieign body vas lenioxed" Anahsis 
of the history of such infants oi children shoved that thex had been ton 
sidered “feeding problems ” 

Txventx-tliiee eases of congenital stiictuies of a segment of the esophagus 
haxe been obseixed in infants and children, 19 cases of congenitnllx slinrt 
esophagus complicated bx" stenosis at the cnidin and one simple congenital 
mcmbi-anous esophageal xxeb Of these, 38 haxc responded to endoscopic or 
letrogiade dilatations These arc fii-st peifoimcd esophagoseopically vithout 

anesthesia oi bx letiogiadc oi Pliiniiiiei bougie dilatation if the stiicfuies arc 

paiticularl) rigid As soon as possible these piocedures are substituted bx 
the meicuix bougie dilatation, a proceduie xxhich is less uneomfoi table for 
the patient but xxhich is uiLsucccssful in the cailx, tightei strictuic 

Fixe of this group of 43 patients xxith congenital stenoses baxe been 
tieated surgicallx—2 bx us and 3 elsexxheie Foui of the 6 had a surgical 
excision of the stiicture and an intinthoiacic gastroesojihageal anasfoniosis 
Three operated on elsexxheie dexeloped a postopeiatixe stiuture at the site 
of anastomosis xxhich has requiied endoseojnc dilatation identical to that used 
in the unopernted cases One described bcloxx has had a similar pi (ufdure 
xxath the anastomosis aboxe the aoitic arch xxith no postoperatixe dxspbagia 
(Fig 1, C and D) The fifth patient had a Ramstedt or Heller tiTic of pro 
cedure, bxit has required occasional endoscopic dilatation 
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CAUSTIC STRICTURES 


We haie observed 169 patients mth caustic luiins of the esophaps A 
pre'suous analysis of 96 consecutive cases of this group indicated that acute 
burns constituted oiie-thiid of the patients in this categorv, vhile the re 
maining tvo-thiids of the patients had chionic stenosis of vainiig degrees’ 
Tventv-seAen of the 65 patients ivith chionic strictures had complete atresia 
at the time of then initial hospitabzatioii Dilatation fi om aboi e and below 
and, in 5 cases, peifoiation of the atresic strictuies vith the Baiietto needle 
undei biplane fluoioscopic iisualization^ ’ lesulted in recanalization of all 
but 2 patients vho had had complete atresia A skin tube esophagus in one of 
these eases was successful ten jears ago A similar procedure in the second 
was unsuccessful, this vas followed by an anastomosis of the stomach inth 
the cemcal eophagus Stenosis has developed at the point of anastomosis 
vhich has lequired lepeated endoscopic dilatation In 3 of the patients with 
complete atiesia, all cluldien under 3 veal’s of age vhen fii-st seen, each haiiiig 
had a gastrostomy of moie than one jear’s duration, and in one adult 
lecanabzation vas successful, but because of the inability to maintain 
the patency of the esophagus mth endoscopic dilatation, aarions surgical 
measures weie ultimateh emplo^ed An esophageal-jejunal anastomosis was 
pel formed in two eases as desciibed The stiictuied distal esophagus ms 
lesected in the othei two eases, and an intiathoiacie gastioesophageal 
anastomosis was peiformed Eetuin of disphagia necessitated resumption of 
endoscopic dilatations in the lattei tvo patients to maintain the pateiici of 
the site of anastomosis Theie has been one death elsewhere folloinng 
esophageal leseetion of the caustic stiictuie in one patient in this senes 

Retiogiade, piogiade, and endoscopic dilatations ha^e been successful m 
opeiung and maintaining the esophageal lumen in the leniaimiig patients with 
chionic strictuies lesultiiig from caustics The most lapid and successful 
technique for this gioup, paitieulaih in the piesence of a gastrostomi, is the 
dilatation with a Plummei bougie oiei a stiing held taut in the gastrostomi 


opening 

In cases of acute, eaih, caustic bin ns actnc dilatation is begun twenti 
foiii to forty-eight hours after ingestion of the caustic, using the soft-mhher 
smooth-tipped, cathetei-like bougies filled with mercun Graduated sires 
fiom 16 Fi to 30 Fr for childien or up to 48 Fi foi adults aie well lubneated 
before being inserted in the mouth They adiance to the stomach hi their 
own weight® Two or thiee bougies are used daih, giadiiallv increasing the 
sire during the fiist two weeks Dilatations are then spaced twucc a week for 
a month, then once n week foi another month Subsequent dilatations arc 
continued at monthh intenals foi a ^ear and then the period between dilati 
tioiis IS increased It is of utmost importance that the patient continue with 
this regime The tragedi in most eases of esophageal strictures is that the 
family and often the plnsician, are not aware that the return of normal or 
almost 1101 nnl swallowniig occuis aftei the acute edema associated with the 
original burn subsides Treatment must be continued during this penod o 
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rclatne lack of symptoms jf stricture formation is to be aAoided Jn acute 
cases there has been no stricture formation in those patients seen who have 
maintained this course of therapv Strictuies have fonued Mheu treatment 
has been discontinued for one reason or anothei bv the patient or the famili 
or 11 hen treatment has been delaved and the patient is seen late 

There haie been seien deaths in this gionp of caustic stnctures, one, an 
infant iiho had been given lactic acid bv accident was first seen approximateh 
SIX Meeks after the ingestion ot the acid, and the esophagus iias almost 
completelv closed This infant died after perforation of the esophagus which 
occurred during dilatation befoie the picsent chemotherapv and antibiotics 
Mere ncailahle The second death occnned in an 8-vear-old girl and was due 
to aspiration pneumonia which was the lesult of a chrome tracheoesophageal 
fistula The third fatalitv m as a man m ho had sm allow ed a large quantitv of 
“boiler fluid ’’ a combmation of sulfmic acid and hvdrochlonc aeid He had 
multiple esophageal stnctuies marked destniction and extensne scarring ot 
the stomach and duodenum, and ei eutnalh reqiured a jejunostomv for feed¬ 
ing purposes after a gastroenterostonii proved to he unsuccessful Death was 
due to gradual inanition, and had no relation to esophageal instinmentation 
The fourth patient died duruvg the acute stage of an acid bum thirteen davs 
after ingestion of mtnc acid four dass attei haiung coughed np a cast of the 
entire esophagus The fitth death followed esophageal lesection of the 
stricture The sixth death was due to an evtensne nialignancv of the uppei 
esophagus iiv aiv adult who had a he stnctiiie since childhood The seaeuth 
was that of a 2-iear-old iiov wath an exteusne burn that caused an atresia of 
the plmrnix lannx and esophagus who was found dead in bed when his 
ti.ichootoun tube was app.areiith coughed out 

During the past file a ears fiae perforations of the esophagus haae 
oaurnd chiiing c'^ophagoscopic dilatation of a caustic stricture, all recovered— 
llirca; with conseraatiao management alone one recpuring mediastinotomv and 
the filth a thoracotoma \o perforations haae occuired during mcrcurv bougie 
dilatation 


In rcioiit a cars the use of cortisone and ACTH haae been stronglv 
adaof Ued ba some for the maiiagciiient of acute caustic bums of the esopha¬ 
gus Tlie relief of pain the general improaeiiient of swallowang function and 
the ajipircnt rodmtion m scar tissue formation haae indicated that this 
theripa is an important acljunet to the management ot these patients TJierapa 
suirg.sted ba Barretto ‘ Palmer'- Grez>'> and others is as follows Begiiinin- 
with the first daa A( TH '> to 7 3 mg m children and 10 to 15 mg m adults m 
adin.msterod intraa enousla <h,l^ cent glucose Vitamins B and C. 

piiiKilliu and strcptomacin arc administered in adequate dosage After the 
tu.tb to fitt.H^nth dna .ortisone 7', to 170 mg three times a daa is administered 
or d a for one month Da.la merciira bouginage is begun on the fifth to 
Until daa llow.acr while the immediate cfTccts of this oarla thernpa are 
drunitic ,t isbuommg ipparcnt that csophaneal pcrfoi-ations seaere Ltnc 
nmorrbauo gastrn perforation iml a rise ,n the luc.donce of pastnc and 
parti.uhrla palorn stcnoMs follow this regime ” 
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HIATAL HERNIA 

The stenoses associated mth hiatal heinia, peptic ulcer, feeding tube 
nlceiation, and cardiospasm constitute a group of benign inflammatory stnc 
tures at and immediately above the caidia in adults The association of 
stiicture foimation in hiatus heinia in oui series is undoubtedly higher than 
in an unselected group since patients weie lefeiied because of obstructne 
sj^mptoms Medical management played a significant lole in the treatment of 
all patients^- Those cases uncomplicated by stiicture formation treated 
by suigical replacement of tlie supiadiaphiagmatic stomach and diaphiagmatie 
repau lesponded satisfactorily Howevei, the difficult pioblems of manage 
ment m this gioup aie those patients in whom varying degiees of stricture 
foimation is present at the caidia Medical ulcei management, surgical re 
pair of the hiatal defect and endoscopic dilatation lequire considerable co 
operation on the pait of the patient This has been leasonably effective m 
most cases In six patients, all adults, lesection of the stiicture and esophago 
gastiic anastomosis has given only tempoiary relief at best In each, the 
stenosis has le-foimed m a penod of fiom three months to tvo years, necessitat 
ing lesnmption of the endoscopic dilatations 

CAKDIOSPASlt 

It has been demonstiated that the great mnioiity of patients with cauho- 
spasm respond favorably to an occasional dilatation with meiciin filled 
bougies, or pneumatic or hydrostatic bag dilatation In 452 of 601 tiaced 
cases lepoited by Olsen,” 60 1 per cent lesponded to an initial coiiise of Indro 
static dilatation and an estimated 75 pei cent to a second couise Keciurcnce 
of symptoms laiied from a few months to seieial years In this senes nf 
benign strictures there veie 236 cases of cardiospasm, the majoiity of vhioh 
responded to dilatation The procedure vas first done esophagoscopicnllv, if 
se\ere ulceration was noted, the patient vas placed on ulcei management until 
1 e examination demonstiated dealing of the ulcer The caidia vas then 
actively dilated uith a pneumatic bag undei fluoioscopic control, the passage 
of the bag thioiigh the eardia often facilitated by guidance oiei a picMOiislv 
sualloyed tliiead The fluoioscopic control of the placement of the bag is 
significant, as indicated by the frcquencj vith uhicli lack of such contiol 
fails to gice adequate lelief and the obscication of the manner in uhich the 
bag often cuils on itself ns attempts are made to diiect it through the cardin 
In patients vnth extreme eiilnigement of the esojihagus or in those vhose 
1 espouse to dilatation is iiiisatisfactoiv, suigicnl consultation is reconinicndcd 
The total number of patients opeiated on is not known Hovecer, of nine 
patients vho vere operated on In canons procedures, there veie tvo post 
operatne fatalities elsevheie Socen had a iccuiience of obstriiclne synip 
toms sec ere enough to necessitate lesumption of dilatations in much the sninc 
iiinniicr as was done pnor to opeiation and therefore, arc discussed as post 
surgical benign esophageal stiictuies It is significant that the surgical pm 
codures almost incariablv gne the same relief from obstructne symptoms the 
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patient expenences follo^nng lus initial endoscopic or pneumatic bag dilata¬ 
tion The response mar be most gratifving to the patient for the first vear or 
ti\o but as v,nth dilatation procedures, recurience of srmptoms gradiiallv be¬ 
comes m’amfest after that interial of time Of the seven postoperatii e re¬ 
currences fi\ e had gastroesophageal anastomoses ivith resection of the stric- 
turcd segment and tivo had Heller opeiations Tiro of the seven had not 
been seen preoperatneh one vho had a resection of the stnctuie and a 
gastroesophageal anastomosis elsenheie had been dilated nnsiiceessfnllv 
preoperatneh The second who had a Hellei operation had a verv minimal 
cardiospasm judging bv the preoperatne svmptoms and films, and had no 
preoperatne csophagoscopv or dilatation of anv tvpe The postoperative 
stricture undouhtedlv uas uicreased m seventv bv raediastimtis and empvema 
the result of infection of the opeiatiae site 

This IS not to be misconstiued as a condemnation of suigerv for un¬ 
controllable cases of caidiospasm In a discussion of benign strictures of the 
esophagus these postoperative strictures pla\ an mcreasing role both statisti- 
cnlh and rrith regard to their resistance to treatment Analvsis of these 
failures to both peroral chhtation and external smgei-v (excision or iiiiiscle 
s[)litting) suggests that stnctuies i-e-tonn because of peptie esophagitis caused 
hv reflux regurgitation of gastric seoictions '^uigical procedures to counter¬ 
act this problem ha\e been suggested” and it would appear that recuirenee of 
stenosis in these seien cases mav be due to failuie to include measures irhieh 
uill reduce the acid secretion 

^ix infants with cardiospasm bare been lepoited previouslv^ These have 
responded to endoscopic dilatation although one necessitated gastrostomv and 
retrograde dilatation because of the seaeutv of the stiicture 


SURGICIE TKEITMEXT 

There is agreement between the endoscopic and surgical ebvisions that 
dilatation of esophapcal stiictures shoukl be continued imtil it becomes 
ajipareiit tint a functional esophagus cannot be obtauied by conseivative 
moasnros bclieie that c\on a faiiU good esophagus is generallv prefer¬ 
able to food pas,M-,;cs which are made In ranoiis tvjies of snigical piocedures 
During the past lour rears at Chiklicn s ^Memorial Hospital, we hare 
performed r irious oimratioiis on eight patients for congenital and post-lve 
strianns and for congenital aliesn of the esophagus not axsociated mth 
truheos-^oplngeal fistula The more interesting of these eases rvill be briofir 


^ B, bom Bie < 1043, STvallovroa l%c wlion 1 rear old bad a gastrostomv 
b.rvlere and rva. admuted .0 the rb.ldr.n- rpmornl HospUal 4 1O4., ,n vor^ 

Tn ompbagoal atreva- The lumen rvas m ertabhM.ed 

‘'•opicaUr mth biplane flcorowopic midance ■nnr,nn. ^ “ 

manr ddations of ilu .-oib- . - 1 nr.riL f M ^ four vears the child had 

louc.c. It fuaUr Kcrme nipartnt that althn / ’ retrograde 

mat althouch thi e-opliagus could he nnenea 
oouMao*t- air op.ti rrubn U fr. pint dilatation^ e opened, it 
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On Nov IT, 1950, an esophagojejunostomj was performed according to the method 
descnbed bv Robertsonis (Fig 2) A loop of jejunum was isolated and the peritoneum 
carefulh separated from both sides of its mesenten After cutting three pnmarr 
radicles it was apparent that the jejunum would be long enough to reach to the esophnpi? 
in the neck The jejunum was cut about ten inches distal to the ligament of Trciti. A 
transverse incision was now made in the neck above the manubrium and the left clancle 
where the esophagus was dissected from its bed with considerable difliculti hecnu«e of 
dense fibrous adhesions Bi means of blunt dissection behind the manubrium above and 
behind the sternum below, mosth bi linger, the retrosternal space was opened The 



Flpr 2—Usophagojejunostomi anil Roux-T anastomosis perfonned for Intractable lit stricture 


proximal end of the jejunum was drawn through this tunnel behind the sternum and 
brought a few centimeters abo\o the clavicle where it was anastomosed to the upper end 
of the esophagus bv two lavers of line interrupted silk sutures Even at this high point 
in the neck, the lumen of the esophagus was so narrow that a longitudinal split m it' 
lower end was necessarv to allow an adequate anastomotic channel The distal end of the 
esophagus left in the chest was closed with a few silk sutures The cut end of the 
jejunum in the abdomen was anastomosed to the side of the jejunum in a Roux \ tvpe 
of anastomosis The abdomen was closed without drainage, a small Penrose dram vvn‘ 
placed in the outer angle of the skin wound in the neck, and a temporarv frnchcotoniv wn« 
performed The postojicmtiv e cour'e was uneventful except for slight infection of the 
ne< k wound which did not di lav recovirv Two weeks after surgirv, fluoro«( ojiu txnmim 
tion and roentgenograms (Fig t) showed the retrosternal jtjunni esophagus functioning 
satisfactonlv It has continued to function satisfactonlv 
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( \sp 2 _-M. II bom Kor 13, 1945, sv\■allo■^^ed he at tlie age of 1V-. Tears and was 

a.ln.itted to Children’s Memorial Hospital, April n, 104 a He had had a gastrostomi 
chewhcre Dilatations of the esophagus, constricted from the mid cervical region to the 
cardia, were continued persistenth until 1952 M hile the esophagus could be opened, 
often It closed down within a week to permit onh the swallowing of liquids At opera 
tion tpnl 25, 1952, when the child was vears old, evacth the same operation was 
pcrfomied as in Case 1 The patient had no trouble swallowing ate even thing with the 
speed of the average hungn bov and had no distress Although his gastrostomv closed 
spontaneoush a couple of months after esophagojejunostomv, it broke open one vear 
later and allowed studi of the bi passed stomach Anahsis of the acid content of the 
stomach e\or\ two hours for eighteen hours showed free and combined aciditi each 
about in degrees liigher than normal Gnstroscopic and fluoroscopic evamination of the 
stomach shoned no variation from noraial in the gastric mucosa and no fllling defect 



nr,s,i Vn^ to tli^’^pnJ^sTur' 7 nu”t^‘o !i'm strictures (Case 1 ) opernte<l 
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When the patient was three months old an esophagojejunostomi was porfonned 
according to the technique described under Case 1 Adequate length for the jejunum to 
reach to the cervical esophagus was obtainable bj section of onh two pnmnn arcaOe 
\essels The jejunum placed behind the sternum nas easih brought to the cenicsl 
esophagus but e\en though onl\ tno arterial radicles had been cut, the jejunum was a 
bit duski after anastomosis when the upper end of the esophagus had lieen completed 
Following operation much swelling and considerable infection occurred about the ncch 
wound, some sloughed tissue was extruded Saliia appeared in considerable quantitie* 
and a swallow of Lipiodol showed nothing going through the jejunum 

On Jan 4, 1952, the neck was explored and the distal end of the jejunum could not 
be found abo\e the manubrium We assumed that the end had sloughed awai The 
upper end of the esophagus was exteriorized and the patient sent home About eleien 
months later the child returned to the hospital and on No\ 13, 1952, the upper abdomen 
was opened and the proximal part of the limb of the jejunum preiioush placed behind 
the sternum was identified Into it 10 cc of Lipiodol was injected, roentgenograms 
showed that the jejunum was still intact to approximateh the upper edge of the mnnu 
bnum The sternum was then split longitudinalh and the jejunal limb freed from 
surrounding tissues Onl\ at the upper end were the adhesions dense Fortunateb, after 
freeing the jejunum without impairing its blood supph, its upper end could be placed 
near the preiioush exteriorized esophagus Because healing had been bi pnmari union, 
it seemed safe, on Ko\ 23, 1953, to explore the neck and complete the anastomosis between 
jejunum and esophagus Although there was no tension on the suture line, the anastomo*!* 
broke down and sain a w as discharged from the neck wound Howei er, a swallow of 
Lipiodol showed tini quantities of the contrast medium going through the jejunum 

The child was sent home again for six months During all of this time the gnstro« 
tomt tube was, of course, in place for feeding On return to the hospital, unsuccessful 
attempts were made to got a stnng through the anastomosis as a guide to dilatation The 
child could swallow liquids which ballooned out the esophagus and slowh went through 
the stricture Attempts to dilate with an esophagoscopo also met with failure On Apnl 
12, 1954, the neck was again explored, after separating mam adhesions the intact, but 
markedh constricted niiastomosis, was exposed The stricture was cut longitudinalK and 
'Owed transierseh o\cr a No 20 Fr catheter Postoperntn e healing has been bi pnniar' 
union, but the child cannot swallow fluids without difficult! Koentgonograin studies 'how 
considerable stricture 


■\Ve li.ixc petfoiined ebophagoiejuiiostoiincs as desciibed on thiee patients, 
two had no postopeiatne complications of any kind and no dige&tne (lifTi 
cutties 01 coiiiplaints foi foui and two vcais, lespcctnch Failure of 
anastomosis in the thud child has necessitated lepcatcd opeiations, hut an 
eccntuallt satisfactoic lesult seems assuiod 


Oiu expeuence is too limited to know wlietliei an intiatlioiacic gastro 
esoplingostonn is a hettci opei.itioii Thus fai he passing the stomach in two 
patients, each about 7 xeais of age, hnd led to no tionble Pei haps if woiihl 
he wise to attach the jeiumim to the stomach now Tlics piocediiie would not 
he difficult since the leliosteinil limh of the lejnnnm crosses the anterior 


sniface of the stoniacli 

For a fomth patient with congenital atiesia of the esophagus without 
tracheoesophageal fistula ])icMoiish icpoilcd,’*’ the stomach was transplanted 
beneath the skin hut in front of the steinnm It was \cri unsiglith ni ih'"’ 
position and eientiialh was succcssfulh moied into the chest through o” 
incision which iniohcd cutting all the libs and the claiicle on the left side 
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cosmetic reasous than retrosternal placement 



Hr 1 —Caso 4 Concfnltnl nbroux «trlcturc of Ol'tnl eropliagus noco»'<ItatlnB Bastro'stom} 
b<x^u^i of rlpblit^ of tho pteno'^H 

C\SE 4—J R, Wn March 24, IO 47 , \vas ndmiHed to Children s Memorial Hospital, 
Tune lb, PM', nitli a Iii“ton of lomiting uncurdlcd milk m increasing quantities for nine 
iveekp Rointginographic studies ^horned n stricture of tho esophagus just ahoie the 
cardiac orifice (Fig 4) It was impo^^iblc upon repeated attempts with an esophagoscope 
to find an opening through the constricted esophagus \ gastrostorav was done and the 
child brought to nonunl food intake Later, under biplane fluoroscopic observation, it was 
impossible to find an ojicniag through the stricture with simultaneous approach with one 
c nphngoscnpe introducid through the esophagus from ahoie and nnother from below 
through the gastroslomi 

\t operation on ‘^ipt 12 PMT, the lower end of tho esophagus was exposed through 
I h ft pn t> rolati ral chest wall inci«ion Except for some palpable thickening the 
(S'jhagus showed no abnormahts \ cnlbetcr was introduced from nlmvc to outline the 
lit ginning of tie constriction >>ot rccogniring the pathologv as anithing preMoush seen 
<r nad nlmut, it v,enud appropn-ito to cut into the stnetun \ longitudinal incision 
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through the rather firm mass re\ ealed dense fibrous tissue ivhich resembled in appesrancf 
feel, and size the tumor of congenital pi lone stenosis (Fig 5) The mucosa ivas den 
cut longitudinalh, and immediateh after it had been done it ivns regretted The entire 
mass so much resembled pvloric stenosis that it might well have been treated as sml 
tliat IS, bi cutting the constrieting tumor and leaving the mucosa intact The catheter 
previouslv placed in the esophagus was directed into the stomach Since the niuco«a had 
been split, it was freed somewhat from the dense fibrous tissue on eacli side and closeil tran* 
lerseli over the No 1C catheter The rather tough fibrous tissue with the loo«e adventitia 
hing above it could be closed transverselv, after a fashion, over the sutured muco'al 
laver The catheter was removed from the esophagus and the chest was drained with a 



Flp 5 —Case 4 Diagram of longitudinal Incision and transverse closure of congenital flbrou* 
stricture of distal esophagus of 3 month old Infant 

stiff tube, the open end of which was sewed in place near, but not touching the repaired 
site Discharge from the drainage tube of regurgitated stomach contents and saliva 
began a couple of dnvs after surgerv but ceased spontaneoush , when the child was di' 
charged from the hospital one month after operation he was able to swallow liquids and 
semisolid foods The gastrostomv was allowed to close spontaneoush Occasional endo¬ 
scopic dilations of the esophagus have been necessnrv , the patient returns occnsionalh for 
thc<*e cvnminations to be sure tlie ^stricture is not recurring 

Tins nmisnnl case of congenital stiictnie was eutneh nett to us 
similar case has not been seen lepoited but undoubtecllj lias occuired 
bclicte that nnotber siicb case might be ticated suigicallt as eongcnittl 
ptloiic stenosis, ic, cutting the fibrous constiiction and leating the niucoin 
membiane intact 

The ttvo other (laticnts tvitb stiictuics tv Inch intoltcd onlt the nitrn 
thoracic portion of the eso])hagus tteie tieated suigicallt lit gastioesoplng''" 
toiiiv One anastomosis lor a he stiictnre ttns peiloimed hclott the arch nl 
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the norta the other for a congenital stricture had to he done above the ar 
(Fic 1) Although both anastomoses iieie done esaetlv the same vray the 

one performed bclov the aieh has been folloired hr stricture vrhieh h^ re¬ 
quired niani postoperatne dilations the other has remained openimthout anv 
difficulties or nanonung 


POSTSCKGICIL strICTUKES 

An aspect of benign strictures ot the esophagus which is becoming of 
nureasuig concern is the postsnrgieal stiictme It has been mentioned under 
the \anoiis categories discussed aboie and is nov summarized as a sepaiate 
cntiti not onh because of its aetiial freqiieiicv but because of the rapiditv 
wath Mhich this group has increased Cases niai be divided into four gioiips 
f 1) stenosis follomng the repaii of congenital esophageal atresia with or with¬ 
out tracheoesophageal fistula (2) stenosis at the point of anastomosis folloii- 
nig the resection of a heiugn stenosis (congeiutal stenosis Ive stnctiiie chronic 
iiiflanimatori stenosis associated ivith peptic uleei of the esophagus cardio- 
s\nsm etc ) (1) stenosis folloiving siirgerv of the esophagus foi nonstenosiug 
lesions {clnciticulum thiToidectomv etc) and (4) stenosis following re¬ 
section for carcinoma 


''^Iciiosis FoUouing Repan of Conqantal Esophageal Afrcsin—Postsnrgieal 
slncturcs commonh deiolop following repair of congenital esophageal atiesia 
with tracheoesophageal fistula The coufiguiation of the proviraal portion 
of the distal segment and the inabilita to bring the ends of the segments to¬ 
gether with sufficient tissue for adequate lepair are but two of the reasons 
that these strictures mav follow anastomosis From the standpoint of the 
csdphagnscopist who must be responsible for maintaining the patenev of the 
lumen at i Inter date therapi should begin at the time of anastomosis if 
tin re is ani question of a ]iotential narroinng in this aiea A thread passed 
thrmieh tlu stnctuie is of inestimable \alue and maintains the patenci of the 
lumen WithmU it subsequent dilatation is hazardous and often impossible 
Tlu more at the earliest mdicatioii of disphagia the infant should be given 
i lino thread In swallow this followed bv a Xo 14 or Xo 12 woien silk 
thread 111 [lassuig a small catheter through the nose the thiead can he 
tied to it returned through the nostnl and anchored in a more satisfacton 
nitinmr If i gistrostoini is iiccessnrv for feeding purposes, the thread can 
bo rKoierul in tlu l istrnstomi opening with an aspirator and a continuous 
thri id cstddished hi tiuig the two ends together ‘siihscqiient dilatations 
"ler this thre ul ire the most satisfaetori form of therapv using either retro- 
gradt orohic tqqied progradc hongies 


Tlu re arc tweuti si\ infants iiid children m this gioup Approxiinateh 
luh ot these Wire oper.tcd on elsewhere and leferred later for postoperatne 
ddatitmn is obstnutmn proRnssed (big G) The remaining half represents 
iqiproMin iti i oiu loiirth of the total group of Iuuig tracheoesophageal fistula 
intuuis op, rati d on it 1h, ('liildrcn s Ileinonal Hospital The earh frequent 
.soptMgos.op,e ntrogride or ner lummo dilaHt.ons oicr a string are 
uruhnlh do.r, ised ,n irc quern i with the mtcrial lu tween treatments Ling 
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dependent upon the symptomatolog-v These dilatation techniques are div 
pensed inth as soon as possible and the easiei meicuii bougie dilatations can 
be substituted 



_ 1 

Flp G—Stricture nt site of nnn*itomosls of tlie U\o esophageal segments of a congenital 
esophageal atresia and tracheoesophageal fistula* 

It IS of Intelest to note that two ot tlie infants inth these postsiirgunl 
stnctiiies and ti\o additional tincheoesophageal fistula infants I'ho hnie not 
del eloped esophageal stenosis haie sciious tiachcal stenoses at the site from 
\ Inch the loiiei esojiliageal segment nas lenioied fiom the tiachen and the 
lehiscence closed 

Recurrent Stenosis Follouing Resection of a Benign Stricture —In tins 
giouj) niai be listed thice cases of lecuirent stenosis follomng resection of 
he stiictuies fi\c cases of leeurrence of stenosis follomng resection of 
congenital strictuies eight cases of lecuirence follomng resection of stenosm 
associated i\ith hiatal heiiiia and peptic ulcci of the esophagus and scica 
cases ot iccuirciice following canons surgical piocediires foi cardiospasm 
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SfoiocH Fonoidiifj ^nrgcrif for Xonsiawsmg Lesions of the Esophagus—In 
addition to the surfrical stenoses occmimg foi the most part m the distal 
(sophatnis arc a gionp of se\ere henign stenoses of the ceisical esopha¬ 
gus that ha\e followed operatise pioeediires for benign lesions in the neck 
Two of these base followed thnoidectoniv, one was sesere enough to necessi¬ 
tate a pastrostoins before the lumen could be adequatelv dilated to peimit a 
'^atisfacton intake “^eien haie followed the reniosal of a pulsion (Zenker s) 
duertiailum of the hspophaiinx These are appaientlv the lesult of too 
/enlons an efioit at adequate water-tight closure of the esophagus aftei the 
sac IS rciiiosed oi the attempt to aioul reemience of the dn ei-ticuluni bv 
incrcasiinr the support along the sutuie line with additional sutiiie lavers 
When sc SCI'll Hsei’s of tlosuie are made with full-thickness lavers the lumen 
must obsinnsls be reduced Tn one patient ssho had a pulsion dis ei ticiilectomv 
n conipletc atresia ssas present the patient being unable to swallow his salisa 
Tins stricture was esentiialls opened bv letrocrade dilatation through a 
enstrostoms The lemaindei hase been dilated esophagoscopicallv oi with 
mere in s bougies to restoie noimal swallossnig function 

f'ienons FoUouing Ucsccfion of Carcinoma of the Esophagus —^Repaii of 
the isoplngns following resection of a caicinoim presents suigical pioblems 
winch are the result of mans saiiable tactoi's ‘should a stneture follow 
such 1 icpur it IS of nnnoi iinpoitance in relation to the original cnicinonia 
winch has been reniosed From an endoscopic standpoint the toituons 
dense filirmis postoperatise sen is ncscrtheless difficult and dangerous to 
dll itc liec.nise of its rigiditi and toituous coiii-se and because one must 
di ns be ir m nuiid the possibilits that the letuiii of disphagia niav be 
cMdeiice of i ntiirn ol cucinoma (Fur 7) Twenti-eight patients inth 
nsiitions (i) the lowei or nnd-thorncic esophagus haic required lepeated 
dll it itions ol the ainstninosis during the past three icai-s Since the nnionti 
showed recurrence of the cnrcinonn at the anistoniosis site re-resection oi 
the insertion ot \)oh-thcnc tubes encloseopicalK has been done in addition to 
the rcpntecl dll itstions 


As in the iiostsiirgical strictuics following resection of benign lesions a 
siinrilc group is ninclc up of those strictures that followed icsection of 
mdignint lesions iiuoKmg the cenicnl esophagus Twehc of these aie 
posil iriiigii tonn stenoses m which the plniMigeal closure has been followed 
<\ stenosis beeauM of partial jilnnngeal resection iMucli more complicated 
ire those th It lollow the inert-isiiigh radical phaniigea! and hrmgeal re¬ 
st itions tint in pcriornied for more exteiisne malignant Icsious of these 
in IS ^teHosts fn(pitntl\ eanir at both the upper and the lower sites of 
m istoiiiosis O, skin tnlas used in these patients Often no tepe of dilatation 
IS ,.osM d. bn uist O, th, tortuous subculiiuons path which Ins been , ou¬ 
st no tn! md bn ins, o, the rd.roiis rig.ditc of the stricture itself Oeea 
sion. Ih „ the pit nut . sw db.w a thnad dil itntion of the tortuous path 

“ i...m,pl,.h,d to iiiipron swillowing tunction The rehei sue 

........ 
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has been maintained by gasti ostomy feeduig, is sufficient to justifi hours oi 
effort Houeier, this pioblem is so mateiially decreased in seventi if a 
strmg IS inseited at the time of surgeij' that it would seem justified to 
considei this as a routine pait of these opeiations 



Fig 7 —Postsurglcal stricture at site of a gastroesophaeeal anastomosis following resection 
of a carcinoma of the distal esophagus 


SU'M''IAR'i -VND CONCLUSIONS 

The management of benign stiictuies of the esophagus laries accouhn? 
to the etiology, degiee, and duiatioii of the stiicture, the age of the patient, 
and the success oi failuie of prenous theiapy Theie is agicement between 
the endoscopic and surgical diiisions at the Childicn’s IMemonal Ilospita 
that dilatation of esophageal stiictuies should be continued until it becomes 
apparent that a functional esophagus cannot be obtained by conscnatnc 
measures 

Dilatations of benign strictuies of the esophagus aie pcrfoiined m seiera 
wais, depending on the location swe and rigiditi of the stiicture Thcr 
imi be done In esophagoscopi eithei using bougies thiough the scope or In 
the scope itself. In Pluminei bougies passed oiei a pieiioush sualionet 
thiead, bj retiogiade Tuekei bougies in some gastiostommed patients In 
graduated ineicmi-filled bougies, or In pneumatic bougies correcth plac''' 
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under fluoroscopic guidance Xo anesthesia is used ui infants 
local anesthesia in adults In our expeiience the most rapid and the safest 
method of dilating tight, fibrous stiictiires has been a gastiostomv and peroral 
Plummer bouginage oiei a string held taut at the gastiostomr opening 
The most satisfactorv method of dilating an eaih less fibrous stiictuie has 
been In graduated meieui r-filled rubber bougies 

In a rcMcn of our senes of benign strictures of the esophagus theie are 
43 cases of congenital stnctiiies 1 simple neb, 23 stnetuies of segments of the 
esophagus and 19 cases of congenitallv short esophagus mth a stricture at 
the cardia Thirti-eight responded to dilatation 4 nere operated on bv 
excision of the stenosis and lutiathoiacic gastroesophageal anastomosis, and 
1 nas operated on In a niusclesplitting procedure Postopeiatnelv 3 of the 
4 haling had a gastioesophageal anastomosis elsenhere lequired lesiimption 
of endoscopic dilatations identical to those pieeedmg opeiation 

There are 169 patients nith caustic burns and stnetnres of the esophagus 
\ppro\ininteh one halt nere chrome stiictuies, of nhich 27 had complete 
itiesn that necessitated biplane fluoioscopic guidance to recannulnte the 
hiineii Of those uho did not respond to dilatation, shin tubes "were con¬ 
structed (more than ten lears ago) in 2 patients, 1 nas successful 1 nas not 
In 2 retrosternal csophagoiejiinal anastomoses nere performed mth complete 
relief of disphagna, in I intrathoiacic gastroesophageal anastomoses nere 
performed Endoscopic dilatation has been necessaix in these 3 because of 
seicic strictures at the site of anastomosis In the management of acute 
burns the use of antibiotics and earlv boiigmage bv merciiiT-filled bougies 
IS stressed ACTII and cortisone produce a dramatic earh lebef of pain and 
dssjfliagia but repoits of seieie gastric and esophageal hemonhage, perfora¬ 
tions and late gastric and piloric strictures aie appeanng in the literature to 
jilace a note of caution on this leginie 

In all of G adults opeiated on for strictures of the gastroesophageal 
juiution associated uith hiatal hernia lecuirence of the stricture at the 
))nint of the anastomosis has necessitated resumption of the peroral dilata¬ 
tions 111 2 111 cases of eaidiospasin 73 pei cent hnie lesponded to an occa¬ 
sional imcnmatic hair or mcieun bougie dilatation Of 7 patients operated 
iijion in nhom risum])tioii of dilatation nas leqiiircd after surgerc, 5 had had 
resection of the lardia and gastroesojihagcal anastomosis and 2 had had 
Hitler operations none had additunial piocednies designed to reduce the 
ai ul s( (n tioii of the stomach 

Time uere 96 patients -uho had henigii postsurgieal strictures of the 
<M.,,h imiv Tuenti siA ucrc infants or eliildron uho had stenoses follouiim 
r. pair of loimcnital esojihageal atresia and tracheoesophageal fistula Eighteen 
u. n )ntu nts echo 1, id dcleloped stenoses at the site of anastomosis follocnnu 
UM.tiou o, a benign stricture 1 following resection of a he stricture ^ 
lolhmmu nsMtion of a peptn nice, stenosis f, following resection of a 
strntim issou.tcd cMtb lint d l.ernm .„d 7 folloumg siirgen foi oardm 
spism \,m I'-^tioitslndlMdisophipeilstenosisfollouingsurpom for 


lion- 
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steiiosmg esophageal lesions, 2 foUownng tlnioidectonre, and 7 folloinng re 
seetion of a pulsion (Zenkei’s) dii ei ticiiluni In one of each of the latter two 
categories complete atiesia necessitated gastiostoinv and retrogiadc reeannali 
zation In 28 patients seen in the last three veais, benign stenosis has 
del eloped in the anastomosis follomng lesection of carcinoma of the esophi 
gus or stomach Li 15, stenosis of the eeineal esophagus has necessitated 
dilatation foUomng laiMigectomr and partial phaiingectoniT oi folloinng 
the skm tube piocednres designed to leplace the esophagus in lesection of 
cai cinonia of the eci meal esophagus 

Seien patients opeiated on foi benign strietnies of the esophagus at the 
Cluldien’s Memoiial Hospital aie presented In two patients gastrocsophag 
eal anastomoses weie peifoimed one nhoie the aich of the aoita for a 
congenital strictuie who now has noimal swallowniig function and one beloa 
the aicli foi a he stiictme with a lecuiienee of stenosis One infant wath a 
congenital fibiniis stenosis iminediatelv aboie the caidia had almost coniplctek 
1101 mal swallowing function followung longitudinal incision and tiansierse 
siituiing of the filiioiis segment Thiee ehildien haie had cciiical gastro 
lejunal anastomoses two foi intiactable evtensne he strictiiies wath com 
plete icstoiation of noimal swallowang function and one infant for con 
gemtal esophageal atiesia Infection at the anastomosis site has lesiilted in 
stenosis in this region which wall leqiure fmthei dilatation piocednres or 
suigeiv The seaenth patient repoited pieaaouslv has noimal swallowing 
function tollowing eeiiioal gasti oesophageal anastomosis foi eoiigcnitnl oso 
phageal atiesia 
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DI'sCE'SSrOX 

DR H. BKODIE ‘STEPHENS, San Erancisco, Calif—Vie hare found that the simple 
measure of raising the head of the enb or bed two feet has been an ertremelv efrectl^e 
treatment m congonitall' 'hort esophagus In the case of the \oung infant, we have the 
parents inahe a harness for the child in order to keep him properh arranged in the Cnb 
during the sleeping and resting hours In the en'e of the adult, he or she is instructed to 
purclmse a hospital bed sq that the head of the bed is alwa's elevated This simple 
cxjicdicnt of raising the esophagus aboie the le\el of the stomach has been an extremelv 
iffcctivi, nuthod of keeping the stomach contents out of the esophagus When the 
cardiocsophagcal junction is too high nbovc the diaphragm bi operation, then constantli 
mnintnining the esophagus nboie the stomach b\ positioning will often result in the 
disnpiicaranct of the esophagitis that is so conimouK present In a few instances of 
rsith, r s( vt re bit' ding lu infauts due to tbe lesion we baie Iveeii aide to eradicate symptoms b' 
till proeeduri dcMnliod in addition, wt Inliti*. that we Imvc ])riieutcd the development of 
stricturi b\ insisting that the patient be nlwa's in the upright position during the resting 
hour' 


DIf I D 11 vcl E W, Minneapolis, Minu—We ha\e been impressed with the 
tvireme sen«itiiiti of the esophageal mucosa to both acid and alkaline secretions, and 
pnrticiilarli the tlicrapi of at least one set)uela—stricture—b\ means of subtotal gastne 
rescrlioii Wliile it lia« been impossible for us to produce this in the expenmental animal 
to date we thought our experience with a small group of eases might be of interest at 
till' time 

\ total of 12 east with associated gastric duodenal, or jejunal ulcers, and at times 
nUo p irni'ophagi al hiatus Iiernin, hnxc undergone subtotal gastric resections The\ have 
Ins n follow, ,1 f,,r p rioiD of six months to fifteen rears 


Til, dillieulti of the fir't patient operated upon was preceded In an ob«trucU\e duo 
< 1 , iinl iilr, r us was iniliratod In the gastrointestinal senes Dilatations were earned out 
,n,r a four M ar [„ noil following ilerelopment of disphngin He did not respond to this 
111 , rnp\ iiiiil was ojh rat, i 1 on m ‘'eptember, l'* 3 ‘i hr Dr Wangensteen It was not 
niitieipat, ,l that this opirition would in nni wni reliere the dvsphngin hut it did 
Diliitiitioii bad been jH-rformeil a|iproximateIi 100 times prior to 'Utgerv this was re 
,|uiri,| onU tiMc. in H,, immediato loninlesccnt period The patient has not suffered 
wnh lUsplmgiu and is working at th< pr, sent time 

The dilhrulti of till siTih pitien, „f this senes of 12 was also preceded be duodenal 
11 e, r am in ilv'pha^in be, ame markidli worse following perforation of the uleer 0\er 
a isriod of two months it b,. ame ,i,i,»,ss,i,ie for him leen to swallow Ins salnn, and a 

gn ir,i toim wn < on, i)s, wlier. Dilatations were begun u«ing fiv't a No "> 1 r iiroteml 

,al ot.r an,l working up g; p, esophagram was takin He 

umhrw.nt a siibtot ,1 ga in, r.s.ction SIX i.arsngo 

(If 111, 1 . latiiiits all lm\, hn,i sim(it<imntie improiouuiH Ehioii of the 12 hale 
'\ihiir annlomienlh a , , aion trni. ,1 ,i V , , 

.1,1,, s f ,1 . , , " Hn'"l tn th, tsophagram and the , n-t of passing 

,hint T' of . nlurg, i,„ at „f th, e.oj,ha_ al lumen ’ 

1 , -r!” ’f ” ’'t'"-Dr f.ill.spie and I liar. u.iutU reported 

ofiNpti,. iphag.t. irithst.nosisofthc. ophngns W. Kb. ve that InTrin' 
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tlie patient swallow a thread as a guide, and using that for bouginage, we can timallr 
mold gastrostoiui, and most patients do not like a gnstrostonn About SO per cent of 
our cases had a hiatus hernia and 40 per cent had an esopliageal ulcer or a duodenal 
ulcer, or both In the fca\ cases that require resection, n e feel that if the rc'ectinn i< 
done nell nbo\e the area of esophagitis the patient mil not deaelop postoperatne 
stenosis In the few cases that did liace postoperatia e stenosis, dilatation, using tlie 
thread ns a guide was sntisfactora, and gnstrostoma n as not necessara 


UR A\ ILLIAil F EIEXHOFF, Jr, Bnltiiiiore, Md—I should like to call to the 
attention of the American Association of Thoracic Siirgera a patient upon whom 1 
operated in lOII ' I behere the jejunum was placed retrosternnlla in this operation for tin 
first time Tins patient of Dr Samuel Croiae, Professor of Otolamigologa, had a Ivi stnrtun 
lie had a gastrostoma for about taacntv aears In order to rcioiistmct an csoplingas, I plmid 
Ills jejunum behind the sternum, but there aaas no connection between the stoiimcli and the 
jejunum Dr Potts raised the question of wliat would happen eacntiialla avhea the 
stomach receia ed no food For the last eight aears this patient has had sea ere henior 
rhages from obaioiis gastric or duodenal ulcers Because he is not a era cooperative, he 
aaill not come in for an operation to join the jejunum to the stomnch I want to point out, 
therefore, that if a ou do an esophagojejunostoma and lena e the stomach ns an empta ne 
exposed to its oam digestiae juices amfliout ana food or water or ana thing going through 
it, you are likela to liavc peptic ulceration 


DR MARK AT RA\ ITCH, New York, N Y —In regard to Dr Pott's question, 1 
want to point out that in ba- passing the stomach we nina bring on subsequent diarrhea 
and malnutrition That lias happened to us, and aae liaae had to reinsert the lower end 
of the anterior esophagoplastic jejunum into the stomach On the other hand, there me 
vorj large senes of cases in aahich this has not been nccessara, in which growth and 
nutrition Iinae boon compatible with the establishnient of a jejunal esophagus, extra 
thoracic or iiitrnthoracic, ba passing the stomach Yet aae haae lind two expenenccs in 
aoung adults with jejunal csophagoplasties for lao stnetures aaho doa eloped nnnstoinotie 
ulcers because the lower end of the jejunum was inserted into the stomach keithcr of 
those people, I belieae, bled as much ns Dr Eienhoff’s famous Y ilia Turner, aalioni n 
number of us m this room remember Ther do pose problems, hoaaoaer, and I avoniler 
if that tape of anastomosis should not bo accompanied ba aagotomj and paloropln't' 


DR TOHN L POOL, New 1 ork, N A —I, loo, should like to discuss the point rai'cl 
ha Dr Potts For replacement of the esophagus after resection of an esophageal cancer, 
the Ross Robertson tape of procedure is naniiable It has the distinct adaantnge that the 
replacement procedure is a stage separate from the Cbophageal resection and carries a 
lessoned mortalita tlinn the one stage esophageal resection with immediate csophngo 
gastrostoma Furthermore, one can do a more complete esophngectoma The csophngo 
jejuiiostoma is in the neck and the patient is left aaith a good two feet of jejunum proxi 
mal to the Roux A anastomosis 


Although this anatomic setup is vera «itisfnctorj, there is one pha«iologn 
tion—nnmela, the "dump sindrowc” One such patient whose stomach avns 


L romphci 

still intnct 


iiiid who had a gastrostoma ns aa ell ns the esoplingojejunostoina aaas studied on t'O 
Metabolism 'sera ice at Arcmonal Hospital ba Dr Kntliloen Roberts and Dr H T Ram n 
It was found that liapotoiiic glucose or stnrch meals giain ba inoutli jiroduccd a" 
immediate eleantion in licnintocrit diniiimtion in plnsmn aoliimc, and certain olcctm 
cardiogram changes There aaas some aaenkness niicn=iiicss, nnd sweating ‘siniilnr I'l’'* 
of aolume of food placed through the gastrostoma jiroduced none of these sainptoin 
Inborntora changes This particular patient despite his mild disagreeable “cn ntu'u 
aaell and gained 20 pounds m six months although other patients with similar setup' hnac 
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,,...1 m resaunng Therefore, rt ma^ be rvell rvortb 'OJisuler 

attnrb.ni: the lor^cr end of the jejunum to the stomach and attempting to keep 
rctro'*temnl -‘cginent of jejunum as short as possible 


DU IfWI^ H BOSHER, Richmond, \a—We bare einploAed esophagojejunostom\ 
or cMiplmgocolognstro-tomr in the treatment of he strictures rvhich failed to respond to 
,i,latation or uhuh could not be dilated We haee used the anterior mediastinal route 
dc-cnbtd hi Dr Ro-^ Robertson This has ptoeed -ati-factom e\en in small children 
If the jejunum 1= u=ed for rcconstruetion, i\e belicNe the procedure should usual!' 
h( dour in tuo stage-, eleiating the jejunum through the anterior mediastinum at the first 
-tag! and pi rforming anastomosis at the second stage In the case of a long jejunal limb 
tlu lephalad cad of the jejunum is usual!' quite edematous and shoiis some evidence of 
ridneed blood supph If the jeiunum is eleiated high into the neck, there mav be 
inongh IciL-ion on the lascular arcade to lend to thrombosis and subsequent gangrene or 
ntroplii of tlic ccriical portion If the cerincal j.ortion appears duskv at the time of the 
hr t stage it slionlil probahh be returned to the superior inedinstuium to ntvait the 
si cond sfagt Phe second stage is carried out scien to ten dn'S later The jejunum mn' 
he fishi d out of the siijiorior mediastinum b\ the cemcal npjiroach or bi separate anterior 
thomrotnmi \t that tune tlu distal \ascular arcade is, di'uled in one or more places 
which casiK mohilires fi to h inches of additional jejunum Between the first and second 
stag* s a rich inlruinural hlood suppli hn« dei eloped which ndcquatcli nourishes the upper 
i ml of thi ji jiimini 

Til some putKiits tlu jejiiiuim sloughs after the initial jirocediire It is possible bi 
lining simiiltniKoiis Inparotonn fIioracolom', and cenical incisions to remobilize the 
jijiimim witlioiit ilniding uni ndditionnl mesenteric les'cls, and jierform a pharingo 
JI jiiiiosiomi the iipiier jiortioii of (1 or s inches of the jcjiimini can he nourished b' 
iiitramiirnl blood snppji 


Ill one child who had a complctt he strutiirc the jejiiniim was eleiated and 
uimsiomosed Bituuu tlit first and second stages the jejiiiiiini iias allowed to remain in 
the -uiurior im(linstinnm and at the second stage the 'Bscnlar arcade was divided and 
an ndinnati iMirlioii i u-fii (hinted A. (cchuiquc wc have used to di'ide the 'asculnr 
an adi at tin -i eonil -tiige 1 asil\ iiioluli/es fi to s inches of joiiiiuim 

Wi hail al-o (iiqiloicil csiiplingocologastrostomi denting the trausierse and 
a-i lading coliiii Phi hlnoil siqipli of tlu colon tube s( puis to be well maiiitnincd and 
III bibeii till' jiroci dun can be larrieil out in one stage Biiniim is apparent on the 
eolon tiibi iihieli lias In in niinstoiim-ed to thi stomaeh in it' distal portion 


DR I (.1 RIl long Bi aeh ( abf—T -hoiild like to rilati the experiences at 
Hu I iiiiir-ili Ilf Aliehigan in longdiitnl Rtrulnres 111 infants nml eliildren There ha'c 
lull 14 ca-i - of eiingiiiiial striiitin in fhi jinst tiient' fiit iinr- 111 in males and 4 in 
fi male \lt i m i pt on, i,j„j (jip stricture between (lie middle nnd lower third of the 
< q>hiv_u- Nin, of thi pal n nt« liml si iiiptoni- be fore t hi \ wen 11 dais old This is in 
eiiiiirnib tiuetiou to what we nail aboul im>-l of tin literature -n\s that simptom- come 
on w II a till -lart to 1 it - im olul f<M»h Nom of tin i inf nits w is iireiimture A\( 
ini inliints w 111111 Wi Weri nhli to -tndx eurli lu tlwir Inatment and to show that thei 
.1. no me " U'lU' In ruin Ilonii.r Inter in tluir treatment 1 of them did hii'o a 

\Tl of thril e, 1 iT » ''xitus hernia 

, ,, ,, , ' ' , "" ' " "'<•> dilatation- nnd onli 4 Imil lieuefitiil I agree 

u th 1 1 ttuUn.ir that Hu . u.f „.,I. eon„. ini„, s,. „o-i- -honlil b, g.i.„ „ w tp 

d .tat.un If 11 ,. I ,,o no, n „d 1 „..„K q - 1 1 e 

1 for, ilui ar,,,„n , ,,, l,a. al . 1, am! n hmtns !,. rnm 

M Kiss hol 1 ItTs()\ \ nneoux. r U i —1 i 11 11 . 

) 111 - tv .1, two , iti.nts IV,ih li 1 

rf ,1 . »! 1 , I wtUx h» vuutnrt'; trcntMl )>\ r< (onv( nir* t irm 
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'•ince nutation was excellent, tve did a complete gnstrectonn He lia' earned on mice 
without am dumping irndrome or other difficult^ and has maintained good nutntioii. 
The other patient was a voung woman who complained bitterh of dumping ■-nidrome In 
her case we did a partial gastrectomr, removing most of the acid beanng portion of tlf 
stomach and anastomosed the jejunum to the stomach She has been quite well tince the 
operation and has no discomfort after meals Xn both eases we had the prohlcm of the 
residual esophagus but since the mucosa was eompleteh destroied we left it in, it ha 
gn en no trouble 

DR P \UL H HOLIXGER (Closing )—Wc appreciate the discussion on thus subjet 
Of course we would like to belieie that when a child or an adult is operated on fora 
benign stricture he is cured But when he requires dilatation after operation ju«t as 
before, we wonder and he wonders wh\ the operation was done ifost of the surgical 
failures we hme seen pnrticularli those operated on elsewhere and later referred for 
dilatation, followed renioinl of the stricture and gastroesophageal anastomosis, that i' the 
most important point we found in our suriev of postsurgical stnetures I nfortunateir 
this simple stricture remoial and anastomosis is the procedure which is most often used 
and which seems logical when one looks at the roentgenogram and Msunlizcs the picture 
that could be obtained b\ cutting out the stricture I think the discussion has hem 
extremelv helpful m pointing out that simple resection of the stricture is obsolete unlc'* 
It is associated with some operation which wull reduce the acid secretion of the stomach 
and that while such operations are more complicated thei gne results which «eeni much 
more fai orable 

DR WILLIS T POTTS (Closing) —I must apologize for not calling attention to Pr 
Rienhoffs work Mnn\ lenrs ago he advised intrathoracic jeiunoesophngostonn for 
malignancies of the esophagus 



\ MLinOD oi PREVENTING PEPTIC E^^OPUAGITIS FOLLOWING 
ES0P1L\G0GASTR0ST0]MY 
Emerimfntvu and Clinic Ali Studv 

1) MID II WlTKINs, '\ID (B\ INIITATION) ArTHLR PREVEDEL, W D (B\ 

inutition), \nd Fred R Hirper, 31 D 
Dfni-er Colo 


T O LNSLRL the nhoral tranbit ot food fioiii the esophagus into the stomach 
the innctioii hetneeii these tno oignns is augmented bs a gioup of stinc- 
I lines know II (ollettiieli ns the caidiac inechnnism This mechanism includes 
the nhulni deuce at the caidiae oiifiee and the diaphi agraatic pinehcock 
utiou of the light cnis of the dmphiagm at times of incieased stiain The 
1 diulir mechnmsm of tlie caidiac oiifice or the “hiatal Aalie, ’ consists of 
the sMiergistie netion of the obliiiue inoseiilntion of the esophagus into the 
stonndi Old the diffcielite in inessnie hetueen that ni the stomach and the 
iiiti ibuniii d pussiiic of tlie esoiihagits 

‘soiiit rtgurgit itioii uudoubtedh occiiis ns a phisiologic piocess duiing 
swnlloniiig iiid during oi aftei the taking of food Regmgitation is pione to 
ouur ulicii iiitnluiiiiml esophageal piessuio falls hclou nitiagastiic oi intia- 
ihdoiiiinil pressure The iiitia nlidoniinnl picssuie is iiici eased hr diaphiag- 
iintu ind alidomiinl unll contiaction Contiaetioii of the diaphragm also 
prodmis i dureise m iiitrathoiacic piessuie Vanations ni intrathoiacic 
lirissun 111 ti insinitted to the esophageal lumen ’ The intialuminal piessuie 
of tlu isopli igus IS iifL'atnc esteiit dining uses in intrathoiacic piessnie and 
followin'. piiisLiltn Wales Liidei such ciitiimstaiices the contmuons leflus 
ol vtonnnii (ontints would he especled Howciei tlie ‘ hiatal aahe’’ ex- 
pi nils iiow fonii ( III piss troiii the esophagus into the stomach eien if the iii- 
li n.i'-lrn jiri ssinr is liighoi The jienstaltic wnie ofteiN the ineiemcnt in 
< lit rg\ to imiiasi' the nitriluiunml esophageal pressure to a lea el ahoic that 
in tin stoni )i )i The i ih< (hen ojieiis and the bolus enteis the stomadi 
III n till UK i( UK III m iiussun pioduted ba the peiistaltit aaaac passes off 
till nilr iL'i''li 11 pnssiin hiioines highei than the lutiat sopha'geal and tlie 
a ila ( (In'-! s 


Doimt Ila h is shoaau th it ibiriii" inspiration the nitraesoph.igeil pressuie 
1 ill in isi il ninl nitric istrit pnssun mtreiscd In deep inspirition nlso the 
diMimlnic dnphr.ciii minis,. ,h, ..f uitia of the esophagus into 

Ih, sioiiin.h 'Ih.s, lutors would timl to dttuase the competence of the 
a ila, Mow I a, I i loluiiiii of Iiarnim hihl up a tousulei dde distance ahoae 


} r 


tr 


I ,ro,. nt of suri. rx ^nl^.r^hl .1 I olor „lo of ai-.Ilrlno Don^rr 
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the cardiac onfice duung deep iiispiiation by action of the “diaphnifruiatK 
pinchcock ” This pinchcock action is piodiiced by inci eased tone of tlicnrht 
Cl us of the diaphiagm It comes into play with anj inciease of nitia abdom 
inal pressuie 

If this caidiac mechanism becomes distuilied by a pathologic deielopnipnt 
such as esophageal hiatal henna, oi In suigieal means such as caubophsti or 
esophagogastiostomc foi obstiucting lesions at the esophagogastiic luiKfinn 
ceitani undesiiable secondaiy effects make then apiieainuee Singjeal j)r(i- 
ceduies yhieli eliminate the caidiac mechanism me followed In icjieatcd 
teguigitation of gastiic juice into the esophagus The lesullmg pcplic 
esophagitis in tuin ma'v gne use to ain of the gcneially known coni])licntif)ns 
of pejitic nkeiation hemonhage, peifoiation, oi obstiuction If the pasinc 
juice IS ineieased in amount oi in lebitne aciditi, the tendency to pcptio 
ulceiation is eien moie pionounced It has licen lecentlj’' shown that iioranl 
gastne juice of noimal acidity and enryme content niaj pioducc peptic iilccrn 
tion in the piescnee of an esojihageal hiatal henna without am pinaar' 
anomah of the seeietois pioccss itself ^ 

The appealance of peptic esophagitis following esophagogastiic nnns 
tomoses has been e\tcnsnely lejioited In a senes of 26 cases of cnidiospasm 
tieated suigicallj^, Banett and Pianklin^ obsen ed the dea elopinent of csoph 
agitis with stnctuio fonnation in almost all cases In a senes of 121 gnstrn 
esophageal olistiuctions wliieh weie lescctable, Allison and Bonie found tlml 
peptic esophagitis lesulted in a laige nunibei of iiostopeintne stiictuies, cicn 
though the sagus noises weie comjilctely lesceted Riplej and nssocintes° m 
a senes of 63 patients wdio weie subjected to esophagognstiostonn oi caidio 
plasty obsei s ed 28 w ith positn c signs and 12 w itli jn esuinptn e signs of pcpiu 
esophagitis or stnetuie fonnation Sinnlai expenences hase been ipjioitedhs 
Nisseii ' 

The majoiitj of these cases of inflaimnatoij stenosis can be explained In 
the action of acid-peptie gastne juice in the lowei esophagus The cndeiice 
foi such an explanation is the demonstiafion that gastne jiiice can gam access 
to the esophagus and once in this location will pioduce an iiinaiiiiiiaton 
lesion The eiosne effect of gastni juice on tlie esophagus has iiccn demon 
stiated In reiguson and associates'’ and In Wangensteen and Boicn'’ Kenm 
of gastne content into the esophagus occuis clinicalli, espccialh m the 
picseiice of gastiointestinal pathologi such as gall bl iddei dncnso or jieptu 
ulcei ” An association of esojihagitis and stenosis with conditions nllmniii: 
the fiequent contact of gastne piiec with the lowei esojiliagiis has been demon 
stiated '■ '■* 

In 1931 Kinhik and 3Iei (ndino' U|)oited a senes of 18 animals m wliu-h 
30 pel cent pioximal gasficctonn including- the fenninal ceiitnnelci of 
csojilngus with restoiation of gaslioiiitcstin il (ontiiiuitc In i sojdiagog istnc- 
tom\ was entiled out ‘sniiplcinciitan pioceduies includcfl p\loioiin ntom' 
jicloioplastv, and pieseiiation of tin gastni poiuli Sjmntaiieons eompbi' 
tioiis of esophageal ukci with pei foration and in issn c lieiintenicsis "C 
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nuknT accounted for 50 pel cent of the deaths m the animals lu an average 
„f 45 5 ,bcs In a moic leccnt lepoif' these same imestigators related an 
< ^pcllencc nilh 21 dogs snlneeted to a 50 pci cent pioxinial gastiectomv In 
.nldition to this nncilhiT procedures included hilateial lagotoniT, "J'stro- 

j( luiiostoiiu .intcnor and postenor esophagogastiostomv “pieseication of 

the \aci neixcs and the formation of a \alvelike csophasogastiostoniT Sixtv- 
t\so pm tent of this senes of animals died of spontaneous esophageal eom- 
plicitions 111 an axeiast ot 56 daxs Of H dogs vhich included 5 fiom the 
eirher senes all of iihich had suinxed tor tluee or moie months postopei- 
iliveh oiih 5 exliiinted lu.imal esophagi In esophagoseopr In tins senes 
11 k ination of a xahehke esophagogastrostomv and the pieserration” of 
the \ag,i! nerxes xxcre the onlx supplemental piocedines xshicli suggested 
a iirotcctixe effect ni picxcnting esophage.il complications The xalve ui this 
c ISC x\ as of the “fish month” tx-jic 

MFTIIOD 

Kipurnlation and hclclunp arc common pbi*iiotogic excnl*; in nomiat men and dogs 
and demon trato that the eardiac nicctiani*^m i*: a re\er«ihtc one xvhicli max tie incompetent 
norinatlv at lime Tlic normal ‘liiatal \nt\c depend' upon tlie oMiqiutv of insertion 
Ilf tin, f-npliagn' into tlie 'tomneh nail together with a incchatiical arrangement which 
pi mills the approxiinutum of the wall' of the osophagii' hx- the intragailTic pTcx'^nre which, 
Ill till ah inie of a pin-tahic wave traxcling doxvii the C'Ophagn= tendi to oWitexate the 
tniim uni to ptixent ngnrgilation Thus the concept was formulated that perhaps a 
pli'tK pioei liut on the di'tal esophagus could he performed which would more nenriv 
api roximatx the funetions of the normal hiatal xalxe than a simple end to xide or end 
to I n 1 esuphugognstro tomx 

Ui lUtix nduU mongnl dogs weighing from lu to (id pounds were nxed "^ix such 
nmmnis wen xuhjietid to the ptocediin. Both xnga! nerxes were prcserxed The esoph 
i^iis iviis tr'insiiiid t cm ahnxe its mosiulation into the stomach and the Cardin was 
Iransiitid nhoijl 1 eni hi low This wound wa< then ilo'Cd Fsopliagogastrostomv with 
till formation of a inlu was curried out lu end to side fashion The technique used is 
lUti'trili 1 in till ni I onip ini mj; diugrtius vFigs 15i TUu.s tin esoph igogsvstrostonix iii 
I n h exs, 111 „ iiiiiio 111, ],.i, 1 dinphragui in the posterior mediastinum 


f \I ntlXlENTtl UF-SUITS 
Tin ri alts an sninmanred in Txlde I 

\t( i-ophi^osroiniv Win cnrriid out under gem ml anesthesia Xlild esophagitis was 
in irxt.i ,1 in tin tin of tin mutosx >n ulci ration or stoiiosi^ was notnl in am of the 
pnpxrntiins i, ,li,^s „t, !1 Sonio howexer did not rilish the Inhoratorx diet, the 
I ' Ilf w.i„ht in on. ca I 1 attnhu!, .1 to this 

It i''?' ' "" ‘h'g wen studiid l.x fluoroscopic c xmiination followinis 

I I's ,'l , "is'iK'',’|"nl'i In "" cas, s the Imnnm 

I U.tl It .'till Partion ot tlu stomach (Fig 

e uuh tin animal nld xt x downward x small amount 

■f I xrnit I r. gnr,.itxl. 1 inn tin . s.o.tm,„ ,1 , , umouni 

Ixrmm was ninrt, 1 fr, , . " ‘ ’ r"'in mass of tin 

1, 1 , lir, „ ii, X\ t' '‘7’"" **"' 'Thngits l,\ n niaihed cnntrartion of tht 

' t rn * J itii I'lii iu>nu non imi>e<Unct ’ 

i. * 7 ^ 'I*' I'dlowtiig »ptriti«ti flic iliaphrtgiimlK iioutnl httl 

hiMi vtttnr.il Mttli to,I nil. siitui, j 1 I "oumt inti 

-irnuutittuu ot suiiP tnt.ai,,,, n 1 

pr.ni.lnr. ,I „s s dul tcsult of tlic 
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Flg^ I —The normal cardia Is closed by the hiatal ^al^e Tlic mucosal Ups are approxl 
mated bj the intragastrlc pressure which exceeds the intraesophnteal pressure. 




Hfr 2 — A Tht cardiii and th* distal 1 cm of e'^ophatru** arc «xcis»d 77 and C 'Th^ nr II'' 

orifice is clo'fd 
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TVBLE I 




DATE 

IMMEDIATE ■ 






INITIAL 

OF 

POST 1 


1 RESULTS OF 1 

ilNAI 

8Lr\'I\ \LIN 

DOG 1 

U FIGHT 

OPEFa 

OPERATIVE 1 



\\ EIGHTS 

DUSroST 

\0 

(IBS ) 

TION 

STATUS 1 

DVTE 

1 ESOPlLtVGOSCOP\ 1 

(lbs ) 

1 OIKTATITELV 


1 

45 

S/21/53 Vomiting for 

10/ 5/53 Slight csopha 





3 dajs 

gitis, moderate 
reflux. 






12/23/53 ICo esophagitis, 






slight reflux 






2/11/54 Negative 

4/11/54 Negative 

42 

234 

2 

42 

9/16/53 Vomiting for 

10/ 5/53 Sbght esopha 





3 dnvs 

gitis, slight 
reflux. 

12/23/53 Slight esopha 
gitis, slight 
reflux 






2/11/54 Slight esopha 






gitis, slight 
reflux 






4/11/54 Slight esopha 

32 

208 




gitis, s]ight 
reflux 



3 

34 

10/ 8/53 Vomiting for 

12/23/5" No esophagitis, 





3 davs 

slight reflux 






2/11/54 J'O esophagitis, 






slight reflux 






4/11/54 No esophagitis, 

37 

ISC 




slight reflux 



4 

36 

11/20/54 Vomiting for 

12/23/53 Negative 





3 davs 

2/11/54 Negative 

oO 

liS (died of 





sfrangn 
Inted trnu 







matio 

dinphn/ 

matic 

heniia) 

J 

30 

1/ 4/54 1 omiting for 

2/11/54 ‘Slight esopha 





3 dnvs 

gitis, moderate 
reflux 






4/11/54 Slight esopha 

30 

ns 




gitis, moderate 
reflux 



C 

GO 

2/ 8/54 1 oniiting for 

2/24/54 Slight esopha 





A dnvs 

gitis, moderate 
reflux 


03 




4/11/54 No esopliagitis. 

OO 




“light reflux 


_— 


Cr INK VPI Lie VTION 

Deeaiise of the encouraging lesulls dene cd from tlie annua] cxpennnnls 
essentiallv the same t\pe of eahndni esophagogastiostome uns cniried out 
in the following clinital eases 

C\sr ]_E F it, a 68\enroId ■n-liite woman, entered the hospital Sept 2^ 

witli complaint of dx^phafrin since Tnn^lnr^, JOea Since tiint time she had hi ( a 
with rcpiirpitation and had lO't TO pounds \t the time of admi".ioii sin was aide to ta e 

onh liquids ^ 

Examination dnnonstrated a chroiiicalh ill woman with iiiarhcd cwdincf' of pr 
found weipht Io«s “^hc was inodcrateh dtlndrated Her Wood pressure was HO/SC, 

SS, respirations 22 The liver cdf;e vvns palpable o fingerbreadths below the co'tal ninrgi° 
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InnnU'is vrac ccpauw escejn for a few {rrannlnr castJ Esamination of tlie blood 
-h>o M vie Ivcirotjlnlnn to In 1" Gnv The creVhrocMc count wn- 4h nullion The leuho- 
1 vtc I ('int na^ veitii a nnmni (liir«.rentval ct>unl 

I op!n"o ■ np% .li niori'tnte 1 a Ic-iou 21 "> cm aho\c the capUa anJ eiamination of 
(1 III ft Mitel ht li«ip-t -hnttO'I mlenotarcinonia ot the -tomach with extoH'ioii to the 
^^i^pla^ui- Op. riti-.n tva~ carric.l out Ott *'0 1'>T? A left povterolateral thoracotoma 
inci ion m' mn.le remov in„' the eighth rih vnJ.peno-tealit A large \erv fixed hard 
ra into'tiag the proximal four fifth' of the -tomach tea' found olnion- nieia'la.tes to 
iIm _m'tro pt. 111 . 1 mph nole- and the left "a'trie pedicle were pre-ent The e'Ophagu= 
ttj' 11 ri\ iht. d lx inei'in': the me.lia'tinal pleura up to the inferior pulnionarv vein The 
! ft „ i troe\.iploic M 'tU were ligated and the 'plcen wat moliihzed and removed The 
touiach tea- mohihred along the greater and le^-er curvature' to the duodennm. The 
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reflux hack ,nto the esopha.u. u. the reeu„:beu\ Trendinhur/X;:^^ FoZ""” 

^onToT"' “’""K >-easonabh well but fa.Ll to ffa.n 

peated coophago^copies failed to ‘iliow c\ idencc of ebopliagiti*; ^ 



Fig 6 


Fig 7 


Ip,''—Roentgenogram slionr tiu \nl\e at the junction of e^ophngui and IntmthoruM' 
portion of the clop 5 ptomncli ^ 

7 1.71 f—Roentgcnogratii Of dog held honil downward following Ingestion of barium menl 

hiipiulnnct ' R’p e«ophngus most of It Is held back hi diaphragmatic 


CtSL 2 —T T T a b'l^enrold white man entend the hospital on Sept 2 jhJS with 
the complaint of dispncn for four ^enrs and regurRitation of food for oni month lb 
had .let eloped a progressne increase in dcsp„ea during the preceding month and had 
periodic prccordial pain During the preceding month he had been unable to swallow am 
''Ohcl's nnci upon Qclnii'^'-ion ht un** unnMe to take c\ori %\ator 

Examination disclosed n i>oorh nounsliiil white man in respiratori di«tr( s and af 
pearing chronicnlh ill Blood pressure was Ol/T^, puDe SS respirations -l-J and irr.giilar 
The neck aeins were distmdid J-Xnminatinn of the <hcst showed n nmrkel inert i « m 
the nnteropost. nor diameter The lungs wrre In pcrreson int and the breath sounds w.n 
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.l(cri.a'LiI in inttn'-it\ A «tolic murmur -sra* present over the apes P was greater 
tlnii Tht Iner extended 4 cm helow the eo-itnl margin and wa« not tender 

The urinnU'i- 'vn' nigatne on adini'—ion Examination of the blood demonstrated a 
hemoglobin of ll> (>m the white blood count -na- J3 OOO uith a normal differential count 
Total blood jirotein' and the albumin globulin ratio were normal The ‘=erologi was nega 
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j.|[; III—L-i- ^i Till tnti,r< the Mntniich \ la a \aUular niechnnipni 

Plj; II —i^P M The artificial hiatal tal\c In niTn to opi n a hi n a jarUlnltlr a a' 
carrj lap a barium bolun arritcs at the atomach 
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ti\p \n ckctrocirJioirram showed i normal «inu- rli\tlmj mth marked clock-snse rota 
tion ronsi-tent with cor pulmonale A roentgenogram of the e-ophagus showed a marked 
oh^trurtion in the esophagus at a point IS cm proxuiial to the cardia This obstruction 
wa- Mcn to he irregular and exttnded oier an area of npproximatelv S cm of the lower 
halt of the t-ophagus 

h nphago'^iopi on ‘•eptcmhtr S demonstrated an olwtniction in the middle third of 
the o-ophagus TIu obstruction consisted of globular pedunculated growths producing 
altao t ■oil,pie e obstruction Aticroseopie examination of ti«uc removed for biops' dem 
on'trntel a sfjnainous cell carcinoma of the esophagus 

Opt rat ion was earned out on Sept JS JoH !„ -pile of the fact that the patient bad 
<i<r piilmonan emphvsema and arttrio'ilerotic heart disease requinng digitalis, it 
was felt th it txjdorator' thoraeotonn slioultl lie uiidtrlaken 

\ h ft thoracolomi was performed through the htd of the eighth nb The long 
'howi f ehr line fihrO'i' with a f< w scattered sulipleurnl bleb' The po=tenor mediastinum 
wa fpim 1 an>l a earner of the e ophagii' uieasiinng lb cm in length and fixed markedh 
in the ptistinor tuedia'tuuiin was <l<nionstrated The esophagus was free,! from the pul 
ronarv hili Tin lesion extiiik,! so high that trinseetion aho'e the aorta was mandaton 
It*eim-. It was impossilde to remove all of tl« inioKo,! e-ophageal nodes bilaterallv, this 
pror, dure was eimsnkrc*! to he onlv t pallintiie optrution jn-tified hr the absolute 
Ivsphagia Tie diaphragm vva- optniil from tlit t'ophigeal hiatus outwird through the 
ciiitril tendon an 1 the stomioh was molnlirt 1 along the greater and ]e"er curvatures 
lunting the left ^a-inc and left gastroepiploic \e"t!s but leaving the spleen intact 
Tin 1 nplmgiis was rut across at tin oardia approxinmtelv C <m below the palpable lower 
(■lg< of the b ion and tin rardia was clo-e 1 The stomach was safBsientlr mobilized 'o 
thill il r<vubi hi la'iU drawn up into thf lift heiuuhorax The esophagus was transected 
nt a [omt 4 rm abovi tpe saip>.rior i,ig( of tin b'ion anl removtd The posterior border 
of tin t sfiphagus was inri~ed for a distance of t sm and a valve was constructed, appron 
mating the edges pr.gi>norlv with intirnip>ti 1 sutures so that the distal portion of the 
• -oj'hngus to be aaastoaio ed into the St It of ihi stomach had nn introitus diagonal in 
dirtctivn anif enn'idtrablv smaller than tin full lumen of the o~ophagns E«ophngogas 
tro toinv was jlu n earned out ipproxin)atiii_ thi niuco«a of the esophagus and stomach 
\ jlistie tulie was threa,! d through the amistomosis well into the stomach anil the 
stiiina-h was fivt \ to tht thorn le wall with intt inipte 1 sfik suture' The diaphragm was 
Ti CO ^ truett 1 and tht rlo't vvall close,1 m lavtts 

f riininoif—Tiip ipplKaliihtv oi this juttmUut is inifstntecl hv these two 
' tsts In the lns,t t ise tlu ItMnu \\ tv sitinteil in the eardne portion oi the 
stoin uh mil nt the Inwtr thtnl of tlie tsnphagns It is in this group of eases 
'll I soph I'g'i'gtstrit niastoiiioscs (tstiph tgitgasliostoinv enrdioplnstx, etc) 
thit so m 1))' pi'i.r r. sniK In\e otturred 

In till stnnid t I'c the Usu.ti was situittil in the nuelportion of the 
tsiiphagtis and \n istomtisis \ as retpured ihove tht le\el of the aoitic arth 

1 he proi tHlnrt oi \ ul ir < snpi, i._,„,g istrnsltniiv w is tasih t arned out in this 
( ise 


V Ins ,l.u,,.„sl.u,,l , 1 „ v.,rll, , , ,U„hr O 

.. ... 1„|„s,,„,,|„ f,s,a,..„s„i,|„8,„„ae 

■■ ;;'; , 1 . r,.j„ s„,s„I„,„s,s T, 

l■■..'.n,..,rs.„sn„.ls.„.„ . 1 , Th„s ,l„ 1,.„-SMS „ni,c „„p|„„, 
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'\as oblique uith respect to the long axis of the displaced stomach In this 
proceduie, then, one component of the “hiatal lahe,” the oblique luoscuh 
tion of the esophagus into the stomach, is utilized Iloueiei, this procedure h 
restricted to high esophageal lesections mth the stomach being placed in (he 
right hemithoiax It eaiinot be applied to lesions in the loner thud 

The noinial mechanism to pieient the leguigitation of food into the 
esophagus is a ■vahmlai one situated at the eaidiac oiifice and called the 
“hiatal rahe ” The tno components of this vahe aie the oblique inostiih 
tion of the esophagus into the stomach and the diffeience m mtinlnnunal 
piessuies of the tn o i isceia which appioximates the mucosal lips of the ini-dia 
Our pioceduie mutates these featuies of the noimal eaidiac oiificc I iirtlnr 
in the noimal iicison with deep inspiration, the descending d]a])hnirm 
Cl eases the angle of eutn of the esophagus into the stomach as ncll as nuic.i'^ 
ing the mtiagastne piessure These factois would tend to decicase the com 
petence of the lalie Howevei, in this circumstance the “diaphrnpmatic 
pinchcock” affoids an additional hindianee to leguigitation Tins is pro 
dueed normalli b\ the light crus of the diaphiagm In oui dogs and patients 
operated upon this same effect which we haie called “diapliiagmatic iinpedaiKC 
occura 

The efficiency of oui vahuiai anastomosis has been demonstrated In n 
peated obsenations of oui expeiimental animals and patients Fuithcr, the 
ease and applicability of this piocediue to both high and Ion esophagoga*. 
trostomi aie of considerable adiantage 

Although this commiuiieation must necessaiily be a pielmuiiaiT report 
and although ne haie lestiicted the use of the pioceduie so fai to cases of 
pioied malignance, it is oui hope that it nine find moie extcnsiee use m he 
mg applied to benign lesions of the esophagus especiallj those occurring 
the loeeei thud tye hope that it nine find application to cases of peptic m 
ceiation and stenosis of the loeeei thud of the esophagus associated eeith short 
esophagus and hiatal henna 


1 


cox Cl LSIOXS 

Valeuilcii csojihagogastiostomies eien cnnicd out in dogs m eehich tin 


entiie stomach pouch eeas preset ecd 

2 These dogs hnec siiieiecd enthoiit eenlenccs of ajipittiable tsopliiiaitis 
foi peiiods eaieniig fiom G3 to 234 daes and eecie still lie nig at the time of 
tins lepoit 

3 This pioceduie has been earned out ni human iiaticiHs eeitli eiKourac 
iiig cluneal and loeiitgi iiologic lesiilts It has the adeaiitagc of iKin!.' ap 
plicablc to both high and loee esophngogastrostomics 


RUniFXCEs 

1 Dornlior-t \ C nn<l I (>ntliurt O I A Aktlioil of '•'-iiig (I]( Mt cliniio nl I’O'i' 

crtits of I unc~ und \)r 1 urnet 2 100]]! lO'jJ 

2 Donnclh Brian Gastro oc-oiiIiagLnl Kigiirpitation anil Oe^oiiliaf.! nl Ilinlo'' il'" 

Brit T Radiol 26 ddl-d'il l'»-)3 , 

3 X^I^v^n T A The Pin-lolofrienl Bn"ii« of Reflux Oc^ophn{,iti‘' in ‘'lidiiif, nw' 

Binplirngmntic Hernia, Thorax 8 38 43 1933 
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^ IWmtt N K AU<ltrankl,n R H the ourabl^e Re^^^yf 

Opemion- Performed in the Treatment of Cardio-paim, Bnt T Surg 

Mil oIi'p' r * and Borne T The Treatment of Malignant Obnmction of the Cardia, 

r 1 ,,d, s'h l'M^'’and KrrUin 1 M E^ophagtti. After Esophagoga^tne 

7 Ni- en'’R*'’'"runktion7lle und Organitche ''toningen naeh Gn-tro o-ophagealen Anasto 

>. KrgiT-rn'’V'V'"^\nchc7 Pabmera^F ''ako ^ flatMorthN H M Tr Toon R V 
*^nnd \\ nngen-tecn O H '-tndie- on Expeninental E-ophagitr-^, urgera 28 

o t\ an^en't^cn'’0 n' and Lc\en N’ E Ga-tne Re-.ecUon foj E^ophag^^^^ 
tnre of \cid peptic Ongin Mirg G\nct & Ol«t 88 iGO >i0 14 
IP Roliin- ^ \,and lankcBon I R tardioe-ophageal Relaxation J 4 M A 87 

n Burnham M’V' ’'importance of Indirect Roentgen ChroniL Infection of 

the Blllar^ Tract-and Gall Bladder Vni I Roentgenol 10 ^ 10-8 „ 

I.' Butt H R and \ in-on P P E-ophagiti- kreh Otolarang 23 301A18 aiOn- 

18 Bi 111 diet 1 B nnd‘'i%eet R H Btmgn Mneture of the E-ophagti« Ga=troenterologi 

11 t.lMiM loi^; 

14 ni-« u \ M t "Ophacili'* ^ur;, GMior &. Ob<^t 86 *172‘174 1^4S 

n Kin!uk I B anti Morcndino K \ \n Fxpenmental E\aluation in the Dop of 
I-ophiigngn<itrectoni\ for the High Bing Gn>=tnc Elcer Ann '^urg 134 OlS <>23, 


1"-,1 

1' Rirduk 1 


UK 1 P and Mtrendino K \ lurlher IxiMiniiue- in tiu Bog With 
r-f>ld\na( d Path(dog\ loliowing I-ophugoga-trectonn "^urgiial Forum (1032) 
Pliilnd. Iphia lo'il M B ''iiunder- ( ompnin pp lo fit, 

17 Inldoiii Putro Traittincnt Radical di- '-teno-e- Oe-ophugienne- Pre«e med 59 
l.’in 121^ pi'll 

III'-CI "MON 

DR tllMD HI R\\ IT/ Me-t Haaen Conn—I -hoiild like to compliment Dr 
Wall ins and hi» group on their ingenious method of coii'tnitting c-ophageal \ahc« 1 
think thei mil lia\e to ha\c a long follon up of thc-e patient' hone'er Before tliea will 
It ahli to dell rmim nhctlicr thca can emulate the intncncie' of TCature 'O far a- the 
con-truction of caUt in tin- region i- toncernul 

IV vth rt ^artl to tlu t'^pi of ann-toiiio-i' 1 X 1 . liaat felt that c'ophagojejuno'tonia offer' 
much mort than i )phago_jstro (om\ in tin priitnlion of the factor of acid regurgitn 
tioii 1 tluiil Ml an all ri-rud that acid regurgit ition i' the fnfe noin in the problem 
th it far u \17 tilt d, lf,[inn nt of c-ophagiti- and later -teno'i' 1\ e hn\e had grati 
fling I xju rii tin mth nin< ptiiiit- «ho huM had o'ophngojejuno-tomi, cx-penence' that 
h 111 lit t II lb rnl I 1 in tin pa-t b\ \lh-on of I n d- ami Barne- at the Xew 1 ork Ho'pital 
Tun Ilf till patidil- an linn- for ln< and -i\tn rear- after operation arc complcteh ncll 
at d ari abb to in-i t it one-uting a-miieh a-iiit\ ne tragi idult male 

Too I iti nt- liiti lad m aii t tomo-t- b\ in t nd to-nb t opli i-oji juno-tonie uitli 
in intin nliri lonit Oto patient had had i 'plenevtome in IPpi for a Bniiti -andrnme 
itlirit I 1\ t (pln-i al 1 aril’, whirh Mir, bb t ding mnrkedU at that tiim In lOlg 


1 i-a 1 if riiurnnt 11 Im, I yirfoniitd a pnrtocaa il ann-tonin-i' mIhcIi ga\o him a 
r ' ' f'"" o II \i tr fiilloMi 1 lie \ee„ lout- of -tetr, bltiding \pliro\imati 1\ -ix 
” " '' '' * fv thorarii vbdip mnal iiin-ion the pri—nr, wn' determined in the 

-atr pi liime lu- a 1 1 found ta 1 . ixf, of ^ .l„.o The lorn r 8 inch. - of the e-opha 

1 ^ fi \ t ml "'f r« lettd th, gn-tri, pone), eta- do ed nnd 

I ' ’ r Ml - nil 1 bi\, ,1 nt I lelorolotue r, niniii- to In -ten but it een- 

' 1. mom., - inrf.inu 1 W, f. 1 tint tin- pro 

' ' ' ' ’ If 1 tr. iiiii, m of . iipling, il earin- 1- ciMcornel Iir-t 

" nira 1 t' l. ilR^ ti m and in mI,„ 1 , tl, \ ,n. - u-ualle bb , 1 

eat If 1,0, - ,c r,"'’" ’ , '“-"-mi and 

1 . r 1 e 1 , . ’■ “"8^0 

' 1 <1 1 r -r-italH- into G,. . f f,,, 
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phed not only as a secondan procedure in cases where shunts ha\e failed, but pos ibh aia 
pnman procedure where it has been determined that the factor of acid digestion 11 more 
prominent than the degree of portal hi-perteiision 

DH JOITN H GAHLOCE, JTew York, E T—I want to congratulate the nuthorv on 
this rather ingenious procedure It ma\ turn out to be the ansuer to some of the ihfli 
culties ne encounter following resections for benign lesions of the lower esophagus 1 
uould like to emphasize that it is important to make a \cn sharp distinction between 
esophagogastric resections for malignanci and benign lesions, especialh strictiiris follow 
ing esophagitis In this connection, niai I call lour attention to some plnsiologic studie-i 
which were made on mi sen ice at !Mt Sinai Hospital bv Dr Dreiling, Dr Druckermnn, ami 
Dr Hollander on the secreton function of the stomach and pancreas following rndieal 
resection for carcinoma of the esophagus and cardia Their paper nas published two 
lears ago in GASTROENTEnOLOO\ 

Thei studied ten patients taken at random from a large group that had had rndifal 
resections for malignant neoplasm It is interesting to note that in e\en instance but 
one there was complete anaciditj The one exception, a jintient who had had a rarci 
noma of the middle third of the esophagus, showeil a combined acid figure of 42 units 
After the Hollander insulin test it was found to be zero It is important to differontiate 
this group of patients from those who haie reflux esophagitis following resection for 
benign lesions "We hare not been bothered in am -wai In reflux esophagitis 111 the carci 
noma group When stricture de\eloped at the anastomosis in the early dais of our ci 
perience, it was found to bo due to the use of a continuous suture in making the anastomn 
SIS This complication has been obi latcd since interrupted sutures were introduced 1 at 
terlv, our experience has been that, when a stricture deielops at or near the suture line it 
has been found to be caused by a recurrence cither at the suture line or in the posteriiu 
mediastinum Further experience and prolonged follow up inll settle the eflicnci of this new 
procedure I would hazard the guess that this neivli created vnlro will undergo sear eon 
traction as time goes on, and that its function will decrease the longer the patient is fol 
lowed 


DR DEXTON A COOLEY, Houston, Texas—We, like man> others, lime hei a im 
pressed with the difficult problem of erosne esophagitis which occurs after esoplingognstrie 
anastomosis The bleeding and obstructuc siniptoms in such eases mm lead to an ea 
tirelj unsatisfactorj result of an operation which was otherwise curatiie for the original 
lesion The solution of this problem is vital if esophageal resection is to be cniploied more 
freguentH and for benign ns well as for malignant diseases Dr Watkins* presentation of 
a technical modification in the method of anastomosis is interesting in this regard but 
I doubt whether it will ajiprecinbh alter the situation pnrtieularh for anastomoses pn 
formed in the lower third of the esophagus Personnlh, I belicie that the jiroblem in tlic 
distal esophagus will bo the same at the junction of acid secreting gnstnc mucosa "I'li 
sniinmous epithelium, regardless of the attempts to reproduce a \nl\ulnr mechanism at tlic 
anastomosis 

During the past three 1 ears we lime adiocated extensno subtotal esopliagectoiin b"' 
practically all esophageal lesions irrespectue of their anatomic lei el, and lime reportoil 
on the results of this method of trentnicnt * The mtionnle for this appnniith mdml at 
titudo IS based upon the clinical obseriation that postoperatne esophagitis in the li'pl' 
anastomosis is \cr\ infrequent Wo hmc used this procedure for carcinomn, he stnetan 
stnetun from peptic esophagitis and for extensile \uriets, and no instance of jio (opera 
(i\c esophagitis has been eiiconnttrcd Tejunal transplants are, we feel, unsafe, and, as 
alreadi mcntioiud litre todm, there are certain late eomidieations which iiiakt i sophngo 
jijunostonu iinilesirablc When the vtoinneh is transplanted into the thorax gastric drain 
n„( can be improitd b\ concomitant psloromsotomi nnd slioiild be used routinih Rc«tora 

•Dr D nton \ Coolei rnlllnlKe 7tt section for Carcinoma of ttii FpopliivKUs J >! i 
Vrclu ssiirg no "81 ISBT 'suhtotnl I snphni.is'tom} for HItciIlne I«oplingcal tnrlc's ' " 
\rcii surg OS 831 871 1S5I 
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t,o, ..f aI.T,>eT.Iaiv .oaOnmtv ^uh the nnrmal prope«ion of foo.l and juices from esopha 
to -P uach to lute^tiuc i= thu= achieted tvithont the complications of treatment as-o- 
riat< 1 iMth Otl IT mcthols 

1)K HI KBI r.T “'t HMIDT, Poche'ter Minii —The luarheil reduction m mortalitv 
Mt.v in thomc.c Mir^icjl procedure^ ha- broadened the ludication- for operations on the 
. Oldin-ii- \n incrcn-inc numl«'r of operation-^ are note being performed for legions that 
in\ol\c the nrlia Mane of the<^o le'ion* require esci«uon of the cardia and thi« altvav- 
cau'i - an im oni].ctenc' nrliich allonr- free regurgitation of gastric contents into the distal 
part of tin c ophagu- Thi- condition nt time- produce^ peptic e-ophagiti- and ulceration 
\n\thing tint can l.e done to present such a complication would be mo-t worth 
whih It will be interc-ting to -ee whether or not the procedure that Dr dVathins has 
I'e cniK’d will conpletelr sohe tin- problem It will tahe time to be certain about this 
Uriu I the deielopment of peptic ulceration niai he slow ‘-ometinie- up to eighteen 
1 loiiili- inai clapce Wfore it Iiecome' nianife-t 


M PVII MMIR, TK Philadelphia Pa —I ha\ e enjoi ed Dr Watkin- paper \er\ 
r tn h I would lihe to bring up one factor concerned with e-ophagiti- follciwmg de-truc 
fion of tin 1 soplngoga-trie junction raechani-ni which has not receited a great deal of 
att ntion Tin- factor wa- -tnVingli demonstrated in two patient' who hnd achalasia of 
the ( ophagu- of long duration In both con-criali'c management wa' ineffectire in re 
iit\in_ iIk -1 nipto n- nnd operation wa- therifore performeil One of the-e was operated 
upon in I''!' nnd an e-nphagoga-tro-tom' of the Cirondahl tipe was performed The other 
wa- rjcratid upon in lo'o an-l an e'ophagocardiom'otomi was performed Postojiera 
tnih, both <Ii\tIopcd 'e\cre o-ophagili- and on -tieral occa-ion' had 'etere heinor 
Til i_i Both patimt- hal no free acid on ga-tnc analv'i- On hanum -wallow both pa 
lurt- txlnhitid no dola\ in emptMng nt the o-ophagoga-tiac junction Imt marked delav 
lu «inptMn_ at tin pclornihuclcnal area \ era little hanum wa- found to leave the -tom 
ncli > \ t It up to -ix hour- Both had marked rcgurptation from the -tomacli into the e-oph 
agu- V h( a placid m tin Trcadeleahurg po-ittoa on the fliioro-copic talde In one of the 
two It wa- thought that a -tcno-iag duodenal ulcer wa- accounting for the delaced emptv 
11 _ ration wa- again ptrformod on both patient- No duodenal nicer wa' found nor 
wa- tliri lilt gro ivilcnci to account for the dela'ed cnip1\ing at the gastroduodenal 
1 ” idi r r-i— \ g-i iroj'juno-tnniv wa- jHrfomn-1 m oni ind n -uhtotal gastia- 
to 1 in th< oth r Pt tijpcratic e|i both were complcteU relict cd of their -t mptom- and 
^ 1 - n> (I pH irg wa- no longt r dilntci! Th< rt ha'c been no further hemorrhage- I 
tl ml in 1 Iditmn to ihi a. i 1 [h ptjc factor the f u tor of liclat nr failure of normal emptt 
ir^ it tl g”! ri-hirwl I ,] ,f ^ ] (], int r< gurgit ition iia ah'o lontnbuting i au-e- 

to t! 1 i; lia„ili In Ho e two ca-i- di-pile no free ga-tnc mid there occurred 'etere 
< ] ha^iti and lo a onl agi whicp on- relieted ht ini]iroting the ga-tnc einptting 


, 1 tnc iiiptting I dithcult to i xptain It i- highlt unlikeh that the 
>'•!> 1 in f ilh. r prille bin \\i r iri fiillt examined the re-ected -pcci 


Thi b 1iti 

t a^i 11 Tti - \\i Tl 

- . . * ' “... - .. ■* “O- *v'eeie"u -lie*ci 

r.i if- oracl and wo ^to- b ci ewa- found at the pt lorodnodtnal area The intrin-ic 
-"■wi- iri I nt pt liilaicd-onh the e-ophngu- howner it mat bi that there 
1 rang i it i f fimctma of (1 1 mtnn-ic m nril wn ch uuki,, witboul nece' 
t '*« ir !} ill 
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IhLs tunnel secmingh acts as a sphincter, and no e\idence of regurgitation or di pliojia 
has as ^ et been discerned In the Trendelenburg position barium docs not regurgitnte 
from the stomach into tlie esophagus post operate cl} The red cell count is now 4 2 mil 
bon and the hemoglobin 13 1 Gm per cent 

For one case of bleeding esophagitis nhich occurred following an csophagogastio 
tom> with \agotoni\ and partial gastric sc mpathectomi, I did a posterior gastrojejuno 
tomi two } ears later This procedure led to better gastric drainage and also allowed imi 
ture and neutralization of the acid gastric secretions bi the nlkabne secretions of the liver 
and pancreas In this case bleeding has not as -vet occurred following the gastrojejuno 
tomv 


DR I L EHRiiXHAFT, Iowa Citi, Iowa—In the \cr\ occasional patient in wlinui 
one prefers to prevent regurgitation esophagitis or in whom a lower esophagectoniv or 
total gastrectomv would be necessnr}, I bclieic a direct esophagoduodenostoniv fullovvinp 
total gastrectomv is a wise procedure This end to end esophagoduodenostomv in ‘■onie 
-•elected patients is feasible if the approach is through a left combined tlioracoabdoiiiinBl 
incision Our experience with this is limited, but wo were surprised at the ease with whuh 
a good end to end anastomosis between esophagus and duodenum can be established Thi- 
reduies the opcriting time considemblv, does nwav with Rous i ii'i or loop eso]ih igw 
lejiinostomies and also establishes a more phvsiologic gastrointestinal contimiitv 

DR DA^ ID H ATKUvS (Closing)—I wish to thank the diseussors for their re¬ 
marks It ith regard to Dr Coolev's coniiiient, if vou do not have the esophagus vou da 
not have peptic ulcer in the esophagus \ aldoni and others have shown over a penod of 
some vears that in the high gastroesophageal aiinstoniosis, esophagitis is not a ]irobleni lU did 
his cases with a prehminarv median supraiimbilicnl laparotoiiiv and then a right po torn 
lateral thoracic incision He attributed the good results in his cases to the fact that a 
t po of valve was formed in the csophagogastro«tomv which wns done at this tiiiif I 
think we must emphasize that this procedure is designed oiilv for those cases in whioli it 
IS desired to preserve stomach function I personallv nlwav s have had a deep attaohmont 
for that organ, particularlv with regard to its function 

There is another possibilitv in those cases whieli require a total gastrectomv and tiio 
removal of a variable amount of the esophagus In our hands at least, the best funr 
tional rc^iults lin%e come from the of n trnn«;[>Innt of colon from the t^nn‘'^o^’D 
ilescendin/:^ colon es«ientiaIU ncconhn^ to n plnn uliich uii"* (Uxi'^ed in 1908 b% Dr Atcln 
Imid who demonstmted that the colon blood Mipj>h could be maintained if onh one o 
the radial colon artene^- pre'-er\ed alonp uith the marKuial \ e^'-eh I thinlt m cn‘=r‘‘^ 
in which total gn«trectonn 1 *^ done that this i« the proper i»rofedure 



OW’OKTLMTlEs ] OE RESEAliCII IX THORACIC bURGEEY WITH THE 
UM: of tissue CUETUEE METHODS 

C M POMER'.T, ThD (B\ INMTVTION)* 

(7\b\-FST0N, TfX\S 

A s niaiealfd In its title, this lepoH is dnectod at suggesting some of the 
iimin ojiiiortiinitics foi icseaith on the dsiidiiuc csdologs ot tissues 
toutKl in the (lust i\hi(h iic .n.iilnbk nith niodeiii methods foi eell ciiltuie 
\(i fundamciit.d (luestioiis mil In lesohed Aiiahses ot pathologic niecha- 
ii'sms will he tomlud upon ouh In means ot a tew citations fiom the hteia- 
tuu ind with a gioiip of photomiciogiaphs The main endeiice foi the 
ippiouh consists ot a giotip of phase contiast time lapse cinematogiaphie 
sunuiKcs showing the actiMties of cells cleinecl fiom the lespiiatoiv s'stcni 
of mini In shmt the lectuic lepiescnted In this papci consisted onh of in 
unit itioii to uscarih with the methods dcsciihed 


M CTFBIALS WD METHODS 


W01 hers ni lahorntoiies luning lacilities foi cell culture as applied to 
\>iol)l(ms of c\\Kumeutal meihcine geneialh find it \iiliinble to use a wide 
% irut\ ot methods 1 oi the lapul scieemug of new chugs in the cleteumna 
tion of toMcits the use of small hanging chop slide pieparations has heeii 
loimd pirticularh \ duahlo ’ such piopniafions aie also useful foi shoit 
tciin cultures of adult luimnu epicloimis" and nasal mucosa’' Ejntlielial out- 
giowth is 1 noud In the uldition of > to 4 chops of cell-fice ascitic fluid of 
nuligu mt otigiu outu an a\inu plasnu dot containing the tissue explant 
M isuuow s clouhlc co\er slip method foi the cnitnntion of explants from suigical 
spi'i miens has hu u desenhod In Minins^ t'aiiol flask teeluiKpie and its 
iiiixliiu ition In Porter icccnth ln^e liien outlined he Mhite- Perhajis of 
widest g( III ml use is the roliu tube method ol (icc ' In oui own esperieuec 
the arraiigi me lit ol s(\iunl cxplauts on the outei face of clouhlc cocer glasses 
in lollci tubes his prosed cspecialh useful lor mans tspes ol expeiiments 
UMcllnit rtsiiws IK US iihhU concciiung the suitahihts of canons 
media iml tin nibs for tin icidenishnitiit of mitiieiits the latest of winch can 
hi found 111 Millies hook \s in outgrowth of studies on the Iiehasun of 
11 11 sviiiiiuiits in hoih iliiids oui grimii lias mule extensne luse of ascitic 
llunl both 111 iligii lilt aiid uoimnlignnnt in oiigin as a medium constituent*' 
HoWictr with the nw ri isi i\ usi of jinicninil chiiietics tlie siipph not onh 
Ins iniomc h ss n nl ihli l„it its dieinisln ,s likoh to he compile ited Foi 
thos, who 1 nor the i.riscnu ol hiimni protc iius in the fluid mitneut phase 
Inimin nmhiln d mul s. niin iiii.pi. siionahh icmaiiis the ohiect of ihoue 
whin ail adiiputi (umiuin n nhh t min uht mud 
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Staining pioeediiies iihicli Iirac pioied inipoitant in the studi of culture 
piepaiatioiis include diluted Delafield’s hemntoxyhn, Jacobson’s method' 
EioHoitcga’s double sihei inipiegnation foi leticulai fibeis and Polnk s 
sihei method foi mitochondiia 

The basic anangenient foi a double cameia assemhh used in makinp 
jihase contiast, time lapse cinematogiaphic iccoids, togethei iiith a deuce for 
pci fusion of eultuies has been deseiihed Cell aetnities and suggestions for 
then anahsis fioni film leeoids liaAC been lepoited Iia^ Pomeiat" and hv 
Pomeiat, Jjefehei, and Smith 

OBSFRA ATIONS 

Fetal Tissue —The factoi’s immhed in the diffeientiation of the lespiraton 
tiee, including the foices A\hieh ultimateh aii&st its sueeessne hiauelnngs 
and the deteimination of the final foim of its epithelium including the ic\a 
tious question of the chaiaetei of the aheolai uall aie among the maiiv un 
sohed pioblems of pulmonaiv histogenesis Tissue eultuies of hiiiiiaii fetal 
lung piOAide acia attiaetne objects of e\peiimental anahses of these 
questions Aftei thiee clai's of incubation an e\plnnt of lung fioiii a three 
month human fetus (Fig 1) iciealed the pattern of saceiilai tciniinal buds. 
While the epithelial components of the sAstem lemained in position, coimectnc 
tissue elements shoAied lapid peiipheial emigiatioii as spindle and phagocitic 
Avandeiiiig cells (Fig 2) Jlitotic figuies A\eie ficquent (Figs 3 and 4) The 
cut ends of bionchioles often appealed to haic become sealed piininiih as a 
lesult of epithelial actnitA SimilailA, buds isolated in the cutting of e\p1oiits 
lapidh became closed sj stems in fields ot meseneliA nicitous elements (Fit? 2) 
a piopensitA possible iiiAohed in mucoMScidosis 

■^niile engaged in e\peiinients designed enth othei goals in iiimd, a senes 
of lung eultuies A\as alloAied to deeelop at both lOom and incuhatoi teiiqiera 
tines Aftei thii-tA dais at 37° C the epithelium uas icpiesented oiih h\ 
pA kiiotic nuclei in teiminal sacs uhile the pattein of the Inonchi iias clearh 
defined be spindle cells (Fig 7) In contiast eultuies maintained for fort' 
file daes at 27° C letained a eonsjncuous epithelial SAstem but uith a maikcd 
teiidencA foi the isolation of cAstic bodies (Fig 6) ENpeiiments paiallcling 
these obsciAations Aseie peifoimed Acith explants of the testes of noMhorn 
lots Pcsidence foi tA\entA-foui (Iras at 17° C pioduccd eultuies in Aihuh the 
scminifeious tubules Aseie of aci-a small dianietei and geiieralh Midcb 
sepaiatcd Iia cells believed to be conneefne tissue deinatnes (Fig 
Coiies])onding eultuies exposed to 27° C foi the same peiiod of time not 
onh shoAsed ieduction of spindle elements, but the coalescing of the eiiithehuni 
fioni the tubules to form a continuous plate of cells F\idcnce of the con 
tiibutions of iiicliAidnal scminiteioas tubules Acas indicated Iia the scalloped 
niaigiii of the epithelial sheet (Fig S) Coiisiiitation of the cross indcAcd 
bibhograpliA of the reseaich in tissue cultuie In ^luiiaA and Kopech’"' ideals 
scAcral iiiipoilant lefeieiices dealing A\ilh the eflect of tcnipci afnrcs licdro 
gen ion concentiation and othei Aaiiables on the difTeieiitial grovtli of 
ciuthelial Aorsus coiiiicctiAC tissue elements Find fill inioacls iiiiglit he made 
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HfcH O lit) I r—SIptor ciiltiirip of lunc from a 1 month old human f< tup plained uHl' 
lan< 1(1 H h( ^Iatox^ lin Mfr 'i \pjHamnr< of n cultun aftor Incubation iit 'll C for 
<Ia\H \ot( th< (l( Miriirtlon of lh» (pitliclial rompon( nt*? and thr jx raixtence of th( bronchl^'f'*^ 
franawork of «onn(ctl\( INsia (b »n« nt** Mk r Cultun tnaintainrti at J7 C for fort> ny 
<bi>H tdiowlni, tlu p rfdHtfnn of »r>UluIlaI < ]< tia nta \f)t( thr fnriurno of l«oIal(^d c>fll 
maj<«( 

7 and S —r culture** of the of a niuborn ntt In \Itro for t\\(nl> f ^ 

la>H ThI** ( xrM rliiK nt wmh u**od to « xtend the obxtrvatlon made on lunp tijoru* rreanlioc 
th «fr» ct of tr mix ratlin on the pr^i^lfdfnce of <plth(llum In ^ Itro I t)th pn paratlonj« 
^Uilntd with D^lallfldH iKiiiatoxjlIn I-ijr 7 IteintKf Incnasr^ In crlls of connectK* 
orlcln at tlu ♦ xpr nj** of the yMnInIforoiis « pith* Mum In cultun f* maintain* d at T7 C 
C(»nlliunc( of (pitiulium In the form of a plate with a scalloped margin iKtifrc*i'llnj: tiu’ mn 
tribiitlon of lndl\ldiml Pf mlnlf* roiw tuliuli m and a corn niKindlnfr decrfa*'e In ppindle cm 
from a cultun malnlalm d at 27 C 
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toAAira (NphininR confrenit.nl .ilniounnhties of tlie lespuntoiA sAstem AMth 
the uc( ot humnn tctnl luiifr ni.itcnal ciiltn.itecl iinclci the highlv controllable 
londition^ ilTordedbA nAnilnble luethoiK 


Surgical .^pcrniicns —It is oliAions that tissue specimens obtained in the 
four^ of tin suiuual aotuitios of in aAoiago sired hospital can piOAide an 
enormous amount of material toi culture Tonsillai tissue discaided from one 
child can be used in the prepaiation of seiernl hnnclrecl explants In addition 
to the stndA of the pathologic process per se n gneii specimen usiiallA- can 
proiidc a large amount of lelatueh nomial tissue Thus a useful deposit of 
cultures c.nn be prepared ns .1 Iia product of pneumonectomies uhich can be 
used for basic studies including c\peiiiuental intcctions iiicl the induction 


ot IK oplnsiiis 

Of special Intelesf is the opportiinitA of cultiAatiiig tissues obtained Iia 
hroiuhioscopic biojisics Vig 3 shoAss a foui-cIaA outgroAvth of epithelial cells 
from the bronchial lining of the right loner lotie of a 72-Aeai-oId A\hite man 
(WniBe—fiGPl 1) with a diagnosis of intrinsie bronchial asthma and 
I ompii)snior\ eiiiphAsema A\ho hid liacl a rectal lesection foi papillarv adeno- 
c iinmuin two Aeirs earliei The .ippcniaiuc of the nucleoli (V) nnelcai 
mcnihniie 1 V) mitochondria (1//) .incl of fatti droplets (F) in Ining cells 
photographed A\itli phase muro^eopA are shoAvii in Fig 10 Two mitochondrial 
pittcrns IS rciealed with tlic silcci caiboiiate method are represented 111 Figs 
II and IJ * \\ Inlc final results fiom this stndi are not let ai.ailable the 
illnstrations are jircscnted as saiggestions ot the tape of studs obtoets not 
gcinrilh aiadablc for clniieo])itliologie studi which might proic of special 
me nt 


< uUura of /bop'ors From the Vuioui —Tins to]nc desenes special 

Ire iimcnt sime it icirms i Acre iinpoitant aiea ot nnestigation 111 our re- 
'■c ireli program and bee uisc the cssmtial findings obtained thus fai niUA bo 
cppbc iblc to an IS dc c jier w ithm the respn UorA tiec 

Ibcth simple h mgiiig drop md loUcr-tubc lecbnnpies ha\e been used for 
tile dcAcIopnunt ot shortterm ejuthehi! cultures of nnanesthetizecl biopss 
ICC etc n d Npunmns dcruecl from the jiost trior portion of the middle 
tnrbni.ite prccMclc cciilgrowths cct cells A\huh show ciliirs motion for appio\i- 
iicitch tw.c A ccks rcgiiding the opiioitnnities afforded tiA 

such pre p ir cticcns lov the simlA <»t alltigA hue been cmthncd Iia Fcmicrat " 
NMiilc spccmifiis c in be na<blc obt lined fiom snbjttts with a\ ell studied 
cIniK il nnniii si itiotis of h\pi rsc nsiticoucs.. ind wliilt tbc use of perfusion 
I h I mice r tec Inuipi. m combination aauIi phase c me iimtognijibA is well cMablished 
It his n„i Pen cmsidcrcd wim 1 ,, make dc tided t\plc.ratiims on the effect 
■■1 I,.St.mm, midlist mums mtiuas md nmmiiu bodies until 1 c oiisider dde 
i-dc ot miormnion on tin h.oloi:a ..i ih. 1mm m nis.l ..mcos. 1, ,s 1 hc„ 
c-.uimdct,c! \c,ordmglA vnrd thmisiud uhI of If, mm film records hiv,> 
bc.n prepend wlmh dl.istrati m. ml,ram InhiA.or m. hiding piiiocstosn 
'■■I! drmkmu nu.b .1 ntu.ic md the mobditA „i tbc mitoc bondn. In 
nrs. oiti.v, ocMr\it)„ns nmbiwfn s. e n to e \hdiit rotator\ ictuitc 
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Hf,‘< 9 nnd 10—Ccll« from ciilturo": of bronclilnl Ilninp from a biop'"' of tip ritl 
lower lobe The patient a Tdaenrobl white man (WniHe—J*?!! CG39 I) with a illaca' > 
of Intrinsic bronchial asthma nnd compensator} <mph}sema had a rectal rrsectlon for p.ipillin 
adenocarclnonm two }inrs cnrll r FIr n Outprow th from a I dnt olil IMnp hunclnu 
ilrop culture showInR a zone of emlprntlnc epithelial cells Ordlnarj llcht mlcroscopj at I'" 
power Hr 10 V proup of cells from the epithelial sheet shown In FIr 9 Note the nuch "l 
(^) nuclear mcmbrine (V) mitejchonelrin (Iff) and fatt} ilroplets (F) Oil Inimer lea 
dark phase contrast microscop} 

FIcs 11 anil 1C—tlltochondrln showInR a diffuse pattern (FIr 11) nnd perlmirl i 
npRrecatlon (Flc 1_) ns r ttaled In a nine da} culture stained accordlnR to Folnk s sll'"" 
me thoel 
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Tu one sequence a nucleus -vNas found \\hich completed sixteen isolutions 
Mutliin sec ent 3 "-fi-\ e minutes, at one point the nucleus having tuiiiecl tlirongh 
360 degiees in secenty seconds^® Subsequently, nucleai rotation i\as nb 
served in epithelia fiom othei oigans giocra in ntro Studies in piogiyss nn 
designed to claiifi the mechanism imolied and its meaning in the economi 
ol the celt 

Cuiient voik also has demonstiated leactions in cell foim and nctniti 
folloinng expeiimental changes in electioljde balance Evidence is bom? 
accumulated ivhich suppoits the iiecv that 0 9 pei cent sodium ehlonde in 
iiatei IS maikedlj’’ nonphysiologic and that balanced salt solutions especinlli 
those containing colloidal substances such as canons plasma substitutes 
might be used cvith fai bettei lesults foi clashing delicate epithelial mem 
bianes 


Exfohated Cells in Bionchml Sccietions and Plenial Fluid — Cell ciiltuies 
aie ideal foi the stude of fiee cells cc'hich aie shed fiom canons bode siir 
faces It ccas pointed out by Cone, Hooks Pomeiat, and Eose”" that correln 
tion studies might cvell be eondueted betcceen histopathologic, Papanicolaou 
and tissue eultuie techniques in the analysis of the ccdologj^ of diseases 
affecting the uiogemtal tiaet A bioaclei statement of the pioblem vas made 
be Pomeiat Xoccniski, and Kose’’ and the ajiplieation of the method to breast 
secietions ccas lepoited by Pomeiaf' and by HcCormiek, Tacksoii ami 
Pomeiat 

It ccoiilcl seem that the cultic'ation of cells in bionchial secietions and 
lac ages fiom paitieulai aieas of the piilmonaiy tiee might pioce esiieciallc 
caluable foi studies in chest pathologc 

Seceinl authois notable HengstmaiinComnn,-’ and Saiio and Bello 
hace gicen ecidence of the calue of tissue cultiiies of plenial fluid m llio 


diagnosis of piilmonaic disease In our oevn senes* seceial ceic mteicstiii? 
diagnostic enigmas hace been umacelecl Foi example, the plenial fin'd 
culticatcd fiom a 62-coai-old cclnte man (WAWi-ISH 11315 F) piodiiced 
a “lesion” on glass (Fig 13) stnkingl}’’ similai to that found post nmitcm 
(Fig 14) A caiefiil studc' of epithelial boundaiies in the tissue (iiltiirt 
lecealed iiiteiccllulai budges (Fig 15) nn obseication cchich lent cceight to 
a find diagnosis of scimmous cell epithelionn hoc mg piobablc oiigiunted 
fiom bionchial epithelium 

Foi in citio studies, the lapicl dccelopincnt of icticnlai fibci felt'corKs 
diicctlc on the cocci glass of cell ciiltiiies fiom plenial fluids lends itsdf 
facoiablc foi cxpeiiniental studies upon acellular fibiillai foimation 11" 
16 illiistiatcs such a scstem in a 31-cc.ii-old cultiiie of plenial sediment from 
I 53ccai old cclnte man (PeHo—Et'\rii;t5245-51) echo sliocced an ictice 
])leiii al 1 caction 

It IS hoped that a comprchensice aiulcsis of an adeciintc sciies of the 
tepe piocided be these illustrations mac help in cstablisbing a ccidei ire of 
this ccic piomising aiiplieation of the tissue ciiltnie method in the stud' of 
chest diseases 


•Work In pruprc^^ In collnbonitlon with Dr I J nnrl Dr r* r 

r'rntofiil ncknow Ictlpnifnt N nin R to Dr \ P Stout for hfp klnclnf*s<? In 5tU(l>lnt^ ou 
prti>nmtIon« of tlP'^uc cultun 
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Ifithods nrc fl(,s(nl)ed foi the stiidv of ptilmonar% tissue and cells m 

l)lt uni iluid Mith tis-^ue cuUme technique 

E\plantc of human fetal tmsues suggest attiactiie tools foi the anahsis 
of histognusis and the dc\ clopinent ot conuenital anomalies 

^iirEml sjiei miens and especiall' biopsies ot the nasal mucosa and 
hronrhnl lining pronde exjilants nhieh become readih established in intro 
and which unite challenging studies on the dimamics of cell actniti The 
•iinhsis of nuclear rotation as seen in outgioivths from the nasal mucosa 
cNcmplifics newel knowledge emeignig trom the studv of 'Tmng histologv ’ 
Dal 1 jiroiided In the rultnalion of cells fioni pleural fluid suggest the 
mqiortnnce of adding such infoimatioii to that ohtaiiied In well-estahhshed 
patholocu ])ro(edurcs as aids in understanding the natuie ot disease processes 
II lollows that the (ultnre of cells fioni hronchial secretions mav afford 
pi oinisiim mw diagnosln oiipoi tmnties 
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CAECINOJIA OF THE LUNG 
A Beport of 403 Cases 

Da^D P BoID, 31 D ,* 3L4GA17S I S^fEDAL, 31 D ** (B\ I^\ITVTIO^), IIoW \RD 
B Kjrtlvnd, Jr, 31 D (b\ I^\ITATIo^), Gurxe\ E Ivelle\, 3ID**' (by 
I^\ITVTIO^■■), \^D John G Truaip, D Sc (b\ inyitation) 
Bostox, 3Iass 

INTRODUCTION 

T he inci easing nieuleiice of cancel of the lung has been aniplY docuincntcd 
in the leceut hteiatuie Thus, leneus hi Giahain ’ Ochsnei,^ and othns 
suggested that theie has been an almost alaiming inciease in the mimhei ol 
diagnosed cases This inciease nia\ be entiieh absolute oi iiaitialh relatnc 
Inasmuch as caieiiioma of the lung is the commonest cancel in males m main 
huge institutions, it behooies all of us to evamine oui lecoids and deteiniino 
if possible Y\hat can be done to impioce oui lesults 

This lepoit IS based on a stiuh of 403 patients mth caicinonia of iH 
lung seen at the Lahe> Clinic dining the past fifteen y pal’s Theie Y\eie I’ll 
males and 51 females a latio of 66 to 1 although, as yyiH be indicated siih 
sequenth' this latio does not hold foi all tY*])es of bionchogenic carinmnn 
(Table I) 

3Ve YYcie conceiiied espeeialh in assessing oui lesults in teinis of fiic 
Yeai sumYals theietoie yyc dnided the jiatients into those 15n seen liefore 
hill 1, I94S and those 224 seen III the pellod fiom TaiiuniY 1048 , to December 
1052 (Table I) 

Tvbie I DisTRiBrrios __ 

Jtales SSn 

Fenmles 53 

Ratio—I) (5 Alalc^ to 1 Female 

Caics 

Before 104S 150 

10-lS to lOoJ 244 __ 


Of gieat iiiteiest tod iy is the question of tigaiette smoking m iclaim” 
to t.iiiccr of the lung Theie is fcitainh some siiggostne cYideiicc of a t "I'miI 
Iehitionship but despite the mthusnslK endoisemeiit ol this etiolognal fad'”' 
1)Y eminent thoiatu spciialists it Yiould njiiieai that a longei iieiiod of time 
YYiII be leqiiiied to settle this still tontioYcisml jioint (Tabic H) 

Hind nt til* Tlll^t^ fourth Yntuiiil SU-< tini. of Tim Yuierloin Ypstoolntlon for Tlioriirl'' 
r\ Jit Montr» tl Qutboc "Mn' to o 19o4 
•Z) {itrtrncnt of ‘^nrpon I J»hp' Clinic JJoBton "Maww 
••D i nBTlnK nt of KniUolofO the I iiliex Clinic 
•• Fillouft In O tin Clinic 

•• tlj* Instllut of Tt'clmolojrj CnnihrMj^c 
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feWClVL ^iTLDlLs 

R'itnt(jin biudiii ,—The loeiitgenogiam is tlu most cuiisistenth aceuiate 
di tool jt oul disposal The di igiiosis was mditated hi the ladiologi^t 

111 ;b 4 01 till 40 J cases oi about 90 pei ccMit (Table YIII) Mam ot these 
lasis howccci, were tai adcaiictd New teehiiifiues m roentgeu diagnosis 
in 111 "tilth iKiuircd to iiciimt earliei diagnosis ot iiitiabiouchial lesions 
rill iisi oi high-coltige ladiogiapln is m encouiaging step m this direction 
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PET CENT 


I ruLt iiti 

313 

77 4 of 403 patients 
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bl S of 313 patients 
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ll IIOI 

113 

43 3 of 313 patients 


P i| trill 111 It u mtar 

117 



P'j not 

5‘J 

50 4 of 117 patients 


\ rai 1 . lint 

3o4 

00 3 of 403 patients 



Hr'jni.h(Mui)ij and Cytology —Biotichoscopc does not gi\e the high per- 
iciit lets oi \uisUi\i risiilts indicated b\ the cailier obserceis In our hands, 
1 positui diieuosis was nude b\ this method in 42 3 pei cent ot patients who 
wtrt suliinittcd to tilt tMiumition (Table VIIIl There was one instance of 
! dst posit lit sun u 111 the entile seiies but eitoiogieal stiidv was positue in 
pu (tilt oi the pioved ciists in which it w is imploced 


Teiiii I\ Locition i403 Cvses) 
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right side of the draiimg are still fiequentlv eucounteied The hiipe c.mcer 
ous deposits aiouiid the caiiiia, often nith a lelatneli small, bioncliogonie 
primal y lesion, are doubtless tumois once called saicoma of the inedinstmum 
Of the patients considered heie, 221 had carcinoma of the light lung and 
162 of the left, yhile 7 so in^ohed the eaiina and lonei tiachea that the 
exact oiigiu yas in doubt (Table IX) 

The nucioscopic pathology has been leported to us bj Di Shields 
"Waiieu and Dr William A Meissner of the Nen England Deaconess Hospital, 
Department of Pathology as foUons (1) epideimoid caicmonia 13G case? 
(2) undiifeicntiated caicinoma 90 cases, (3) adenoeaicinoma, 41 cases, (4) 
caicinoma simplex, 30 cases, and (5) aheolai caicinoma, 2 cases (Table X) 


Tvble X. Pathologv (403 Cases) 


eVSES 

Epidermoid carcinoma 

130 

Undifferentiated carcinoma 

00 

Adenocaremomn 

4'’ 

Cnrcinoma simplex 

00 

Ale eolar carcinoma 


Total 

301 

Positive Papanicolaou smear onli 

27 

Total positive diagnoses 

32S 

No pathologj 

75 


403 


Epidennoid Caicinoma —This is the tjTiical carcinoma ot tlie bioncliiis in 
the male, and is often associated intli atelectasis necrotic caMtatioii or 
abscess It dci clops in the ciiboidal oi columiiai iioiiiial epithelium of the 
endobionchiis by a process of metaplasia and neoplasia Thus it is the lesion 
that could be the lesult of chiomc bionchial nutation, such ns might be 
caused by tobacco 

Undifferentiated Carcinoma —As the name suggests, this neoplasm is so 
immatuie that it is not possible to determine the cell tiTie of oiigui This u 
naiiously desciibed as anaplastic carcinoma, resene-cell carcinoma and oat 
cell carcinoma 

Adenocarcinoma —This is the lesion usualh called adenocarcnioma Grade 
2 In those yho use Brodeis’ scale Of 43 patients m uliom this diagnosis I'ls 
rctuined 13 (approximatch 1 out of 3) ueie yomen It yiH be lecalled tint 
foi the total series of carcinoma of the lung, the ratio of females to males i' n 
1 to 6 6 Furthermoie 13 of the 43 staled that thee did not smoke and 
others piobabh did not 

The etiology of this tepe of caicinoma niae be entireh dilleieiit Irma 
that of the more common epidermoid cancel Preexisting congenital icsP 
and benign tumors at times haee been suggested ITerc again hoyeeir tie 
cMclencc is far from conclusne On this confession of ignoiaiiee mil iiresin 
conception of the pathogenesis of carcinoma of the lung must tcmporarih re'-t 
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, onvum^ s.,n,.fcx-This is tlu lesion that it tunes is ciiUea .i<leimuci- 
1 r, If ' 01 4 Occ.isininlh islainK ot \en pooih iouiiea frlaiuls 

\>nt’ the nlaIont^ 01 the tnn.oi ,s loniposcd ot solid sheets oi nn- 

dilTt ri nil ittd 11 IN 



ilk, 1—Till' (T-o esOiolotrv of OTrclnoma of thi InriK 1' yliovn aHcniimnllnlh Tlio 
»T 1 n «/ thf N r>o«t<'rJcr Tii» ll\<r l>» C''r%fuU\ 'ind the pKural 

"t n trch‘ I U r itimn- c U< 


\U 1 iiltir ( rll ((irciiioiiiti —This is i nu lesion ihont whitli time h.is 
h'ln lonsuhrihh siHiuhHon u\ irient Mais It has hien (oininied to i 
'•'lull \irii in sh(t)> ih*-! is<. and iioiii tlu si indpoint of pithoinnisis it is 
1" In M d 1(1 h i\i 11 iiinhn Ultra ornnn Itiuu well he suujih muiuiloloiu 
oi dn olhu 1 \[kn Thin viri two ieu>',zui7cd e\ untihs oi this h sion in 40 > 

» V S 


Tt I \T\ik VT 

] }<i f(>io dnoi (if / iilif (fi/Mr; — Iltspit* tlu stron'_l\ i \in < sm d nt mu nts in 

dn ht'ritnri n _ irdiuu lohiilonii uni u iln Hum oi its in idupi u \ there 

s lU w ill hi Ill ui\ I asini 1 1 ir_( <\p<riiiui in \\ hu h lohu tonn is m itnHtor\ 

1 ihh \I' Thus 1 I los( iiisjm tnm of flu otlu r lime in h ii\e i! im ntci no 
' n (li iii_i s sin_^, , disiluosis tihiosis of otlu I kinds i\siu disuisi old 
lit’ inni'ioti ii- < iiiphs SI 111 1 \ low lot il pnlinon ir\ innilion oi pouf s* ]u 

1 < uu lion o’l till ' onir d III r il si<l, mix nidu iti <hul\ tlu s, i ions h 17 ird 

" Voniionu (itn Mllionyh dft iiK ot tuhnupu (I u.s 1 p, 'u , mnoi hi 

' " "‘''It. 1 !s to h, unph isnul tiu! i e. r\ r idn d h hu tonn nin 

'n 'nils This is (Spill 11\ so It tlu ntijn r lohi is nnohul as it is 
I'Pt. i‘K Hills with tl, p, •r„ irdiniii 01)111. .1 ani] protistomi uintrol 
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at the niniii pulmoiian altel^ established the uppei lobe aitcn mn^ attunih 
be cnt a^\a•^ fiom the tumk aitei-v and the defect cniefulh o\ci-semi \nth 
two labels of silk The fiist lavei is a inatticss of fine inteuuptecl silk after 



LOWER LOBE 


Fig J—This nn«l the succeeding throe drawings Illustrate tlie technique of ra'hcal 
lobectomj that is sometimes possible The upper lobe is lifted forward and the nz\go« \ejn 
di\lde(l The trachea and bronchi arc wiped down and the bronchial arteries ligated hich 
L%Tiiph nodes at the lobar bifurcation mn> be included In the specimen (From Surclc^l 
Practice of the Lahe^ Clinic 1951 courte^^A A\ B Saunders Compan\ ) 



Pip 3_fj and b The lobe !•= tin n turned back the lobar arlorv secured high and tii'' hrnn<-hi^ 

timputattd (Courtt«v M I ^auntkr'^ Conii)an\ ) 

which the ereitcd ciifr is ()^clscwn b-\ a contimioiis snfnic of fine silk TIih 
IS ■\ei\ similar to oni jiuMonsl-v dcsciiiicd nnnnei of anasloniosinfr the aortT 
attei lescetion Then the i7\kos ^cm nn^ lie dnided and the tradm wipH 
clean down to and aionnd the main bionchns 
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siiigeir has been combined -with massne ladiotheiap-i A pieliminnn report 
on this neM approach to therapy has been jnesented elseiiheie In brief it 
consists ot attempting to make inoperable lesions resectable liv iiiteriiosmi: 
surgeiv midiiay along the course of radiation theiapr (Fig G) We hmciiot 



Fip I —a Larpe carcinoma of right lung found inoperable at broncho cop^ h 
3 500 1 of high \oUapc therap\ directed to the'right liilum and superior nieilinsilnun\ tn» 
pro\omcnt In tin roentpenopram le nppaionL 


been impiessed nith oui pieliminaii expeiieiiee nith this method altliough it 
does make ceitain lesions lesectable Aiitheimoic nc aie peisistmg nhb the 
high roltage theiapi of certain squamous tell caieinomas of the lung beemisc 
Me aie sure thei aie sensitne to this tvpe of theiapr In gcneial it can be 
said hoMerei that the \-iat is not a substitute foi sui gen because it dcstiois 
the lung and nsualh causes ehionic abscesses and nitiactable cough tlore 
recenth we ha\c gnen the total dosage ol high-roltnge tliciapi to these 
patients betoie opeiation A total of 6,000 locntgcns nia\ be gnen Mitbniit 
damaging the skin In mcm of the destiiietioii eaiised In fins mtemn'' 
thciapr pneiimoiiectnnn must be planned in addition It has scented misc 
to wait one oi tMo months aftei cessation of theiapi bcfoi e opeiatingnii these 
patients This peimits the acute ladiation lenction to subside 

IlulienI opei ifioii is accomplished mill fonsideiablc difTieiilti m tbfse 
eases It is ot gicnf inteicsl hoMCcci to note that although moplnstn k!'*' 
mn he ioniid in the spenmen thci iie nceiotic and iioiniahle (Fig 

Oiii (siieiicnce Milh this entiie aspett of thcrajic of cnrciiiomn of the 
lung Mill be If potted fnlh in the future 

Tables XJT In XX gne a lesunie of tnii c\peiience Milh Inch i oba'-'e 
tlui ipc 111 i total of 07 ])atunfs The fondition of the jiatienls and the fFects 
ol tieilnuiit aic such that onh G1 of 07 completed the coiiise H "'b bf 



eoyd et al cuiaxoJiA or the le>-g 

1 lilt 7C tier cent o£ those tvho complrted therapv ate pom dfad 

l taatertaU. tmprooed stattattcahr .£ 0 „al cases 

^ ridca as peed results (Table XT) Tte have “ 

however, MHCC thev were rebtnelv loEg-term surgical cures Thus thev 
evrcptir.’ns to the usual luhereuth Mcious nature ot the disease 



Vji • m*n r n\ >v 1 pn umon^-clt lilph voltnRO thomp' \otc that 

r 1 1} r I ir r nt ! nt ir n«-crotic nn! nonMuM. «^\»nl «corfi» of were 

r ■> o' ‘ l ( tl ttmil < IN w<rc fruin 1 

Uur iiiir ill (Xiuruiiet in the the ripe oi caitinomi oL the lung m 403 
r iM ^ is >. 11111(11 inziil 1)1 T ihl< >h\l II Mill he xicn that resection was per- 
uanu"! 11 ) 104 oi 40’> la"*^ > jnuuit.iei oi i”) S' mIhU iiicelical treatment onlv 
M ih aiU ivi il till I hint t 1 , \ umi, itKm jur l''n pain nts or 4G per cent Mirgera 
Ma>. riiu-tn he 11 pun nts or 2 7 jn r edit ol the group It is oi special 
iriMri'.; lo iis to unit tint Mireere ijipeiud eontraindieatcel for medical 
I < 1 hi Ills in ' ill' 4 ]p nil iitv li ss th in 1 ])(r e» nt ol lln ni oiip 

/,’< I tiihihtn - Tin It u pti il I nu ri i of moper ihilita in the past ha'c been 

I' I ti>.i> n !' Ill ii' ii on of 111! ( iriii 1 oh\ions iliht mt met islahcs and phnral 

thin! pihiti'i aor ti.iiinr 11 IK , hue m nh' a spieial point of starching 
1 ili-i nl' 1)1 ill I h, s i,,r I ilireiil iimph nodih m the nrek and tlie axilla 

^ m.iiihi 1 o I V < hui Mn 11 (ih d in tmdim; remoanhle nodes lor 

'' h ' .hi-i h' iv ihluhnl till hopih^^ 11 linn of the disease On the 
'' O"! Hill iv n )ii,ri( il priMoiish \m Inie manured 

‘ ‘ ' ' ' shrinl ill.Mil «pnhrini.nl i iri inom is oi tin lunir iisuiir lurrh 

'■ ' * !■' h it tin < arnn " IS no lon_i 1 iinohed Neidhss 
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Tvble XU Cases Considered Inoperabie at Expiopvtion, TrE.\TME\T A\itii High 

VOLTVGE XRV\S 0NL\ 





TIMF INTERAAL filONTHS) FROJt 

----- 

CASE 

MIT NO 

pro\t:d 

pvTir 

OLor\ 

DUGNOSIS 

TO 

TRELtVTMENT 

TRE^VTMENT 
TO r^ST 
FOLLOW LP 

DIVGNOSIS 

TO LAST 

FOriOW LP 

COMMENT 

1 

50 001 

Xo 

0 

5 D* 

5 D 

General motnstatn di m e 

9 

50 040 

Ye^ 

V. 

4 D 

4140 

OilTusc lun^ niets'.ta es 

3 

50 000 

Yes 

U 

9 D 

O’/Io 

Rocurreace in lioth lanfi' 

4 

51 023 

Yc" 

1 

10 D 

11 D 

Hemorrliape 

5 

51 0/1 

Ycb 

V 

221/0 

23 D 

Spine, M^ecnil nn t 

6 

51 087 

4 es 

0 

2 D 

2 O 

7 

51 080 

No 

141/ 

loyo 

31 D 


8 

51 092 

No 

0 

7 O 

7 D 


9 

51 005 

No 

0 

S1/.D 

81/D 


10 

51 107 

Yes 

0 

5 D 

5 D 

Died aftir loliet loan tor 


nbsccec folloujiif, \ mv 


11 

52 091 

No 

0 

101/ 

101/ 

No oMdeneo of 

12 

52 271 

Yes 

0 

3 D 

3 D 


13 

52 203 

No 

0 

oy.D 

91/D 

Distant inetn«ta“e 

14 

52 314 

No 

0 

9 

9 

Alive nietastase to liver 







and intestine 

15 

53 274 

Yes 

0 

21/D 

21/0 

Aliiltiple metastasc' 

10 

53 157 

Yes 

1-6 

8 

Si/j 

Coughing, oeeaoioiml 







lieinoptAsis 

17 

53 013 

Yes 

1 

12yD 

131/D 

Metnstnses 

IS 

53 200 

Yes 

0 

3 O 

3 O 


10 

53 335 

Yes 

1/. 

2 O 

21/D 

Mctnstnses to liver 

20 

53 241 

Yes 

0 

5 O 

5 O 

Aletastases to liver 

21 

53 2S3 

Yes 

Vj 

5 D 

51 /.O 


22 

53 270 

Yes 

IM. 

41/ 

0 

Pneumonoctonn for niN rotit 







lung follouing A nv 


Vtemgo 


00 

78 

8 7 



Range 


0 141/ 

2 22 V 

2 31 




Proved 

pathologicalh 

15 





Not pro\ed 

7 




Of 22 patient" IS [lead (nternee "ur\l\nl after i)liifrno"l(i—S 1 month") 
(a"eracc surtUal after diagnosis—10 0 months) 

•D = Dead 


Tvdle xni Cases Considfrfd Inoper.vbie \t Explor.\tion , Tre^vt-mfnt itii Him 

A'’0LT\GE XR.AiS OnIT (CiAPCINOMA PROI-ED P ATIIOI OOIC M DA ) 




1 TIAtE INTERA AI (AIONTIIS) FROM 




DIAGNOSIS 

I TRE,ATMF\T I 

1 Dl\GNOSIS 


i 


TO 

TO U\ST 

1 TO I-4\ST 


C\SF 

MIT NO 

TRE.VTMFNT 

FOLI OW UP 1 

FOILOM UP 1 

COMMFNT 

1 

50 127 

3lf 

3 O' 

Oif D 

AIctn*»tT«o'; to brain 

0 

51 117 

11/ 

15 D 

lOVD 


3 

51 119 

114 

12 0 

13i'0 

Cardiac failure 

4 

51 135 

11' 

0 0 

lO'f” 0 

Cnrdi le failun 

5 

1 

llif 0 

12 If O 

Ml *5 to tluroid oppo dc 

0 

52 044 

52 140 

1 

15 0 

10 O 

lunp . 

IIoinoptA'^i'^ niptured nort^t 

7 

52 150 


16 

101 

Aln< but temiinn) 

s 

53 047 

I’l 

01^0 

S D 

Mota'sta^i s to iliuni 

0 

53 230 

U 

4i<’ D 

5 O 

Me ta-'t i‘<e^ to brain pimnn 






tli\r()id( ’) 

10 

53 041 

1 

qi/ 

101' 

Alnt uitli brain m< tn^tn'-e^ 

11 

53 105 

I’l 

7i<0 

9 O 

Ma^^iive lieniopt\-I*’ 

12 

53 327 

1 

4 


I-nir cKct |)t for pn* unioniti=_ 


V\crnf:< 

13 

04 

10 s 



Kan^e 

1 

3 10 

3 101. 

--- 

Of I 

2 005* ^ dead fn\ernj;c 

survival aft» r <11 — 

IftS nionthp) " all'' 

ciirxhni nfttr dlnpno^I* 

t—1ft r month 

S) 




•D = Dead 


BO\I> ET \I C\RC1N0MV OF THF LOG 


403 


to this mbU be of no -l^a^l i£ Oistanl metastascs ac\eloii as mar occui, but 
\ 0 ln\o fomul no usidual tumoi in the chest of a patient ruth adianced 
disf ise nho died oi i distant metastasis 


T\rii; \n VII Fssfj: Not LESimn Ti E-ctment With High V oltige Thetapt Ovet 


Not Ti t’' to I 

1 m xjilrir itik -- 

1-'cplon —inojiorilplc 12 

Vlo «. 
l'< 111 


v\aT sGE srrvii vl 

CeSES |,MO\THS) 

34 


103 
0 2 


Ton W Turn sri,iv, C\st,s Ti i_\teii sn cicaela , Heciktence Fpom 3 to 0 Ye-U-s 
I \Tn Tiiatui Mitii Hirn VoiTerr Tiu3evpi Ale 3 rroitD Pitholocicvlei 


TiMi iNTTPe \t rroM 


1 

1 

\ MIT Ml 1 

OI a \Tro\ 

•ni \ I \\ 

•n } \T\1F\T 

j \ 

I T(t I-.\ST 

j tol T 0\\ I I 

1 

MVrNO'^lS TO 
I>.\ST I OI hOW 

n 

I 

1 

1 cosrMFNr 

1 


\ ir- 

nioiitli'' 

a vears 

Metastasis to tirain ter 





a>_ niondis 

mmal 

n 

t. - iJ 

Il \rTrs 

IT ninntlis 

S Near< 

Ponph mill fevi r o\si«ion 



11 nioiitlis 


4 inoiitlis 

of iiPi rntic lunp t ’) 


"ill lie 

0 1 -ir 

month'' 

IJi. M irv 

Pi rviv,i nt enugll HO 



W )m mil's 



iiWnop itliN 


Oi till tot il ( IMS of eaiciiioiiia ot the luiifr 23 8 ]ki cent of tlic patients 
ntn suhinitteil to usictioii (Tahle X2QI) Tlie total icsections neie almost 
HluilU dnnhd lietwiin riEdit and let! total pnounionectoini The lutiirc 

slioiilil \t It IK ss 1 1 iru r tu rt t ut.u;c ol i esoct ible eases 


Tm I \\ I Tt lA-iirsT s, 1 , ,j ^ ilorirroMM Pn s Him V oi T\rr Tiiet \pa iCiroisoMe 

Plot 111 PeTHOHiCtCMt \ ) 


I t I 


1 


1 


' I- II 

.1 o-| 

- 0 '2 
- U I 
. 1 

_I 

W ! 

I 1 

1’ t II -! 

II Is 


Tl'lt I Tn \ \I I Months 1 hum 


I I !v, 

MI ( 

TO \ I \\ 

7} } \“\tl T 

\ 1 \^ 

Tl >-\TM> NT 

•D* UWT 

' J »I 1 o\\ IP 

1» \t \OS’^ 

T » 1 

loi low \ I 

• oMMrST 

" 

II 

IT II 

n I) 

M* t »''t l-'t "to oppu Jtf 

M 

0 

n 

p 

la 11 

1 p 1) 

ImiL 

Ml l l"! !"• " Jo ) T iHi 


2' 1) 

4 I) 

11 

p 1) 



p 
ill! 
V’. IT 

1 I'.D 

IT II 

\Ii t 1 tu" " t > 1 mn 

’ It 

l'4 
- ~I 




‘ > t\K \ 

H tt mils 




eti'iiimni \Ni» Nioi 1*\i iT\ 


1 ‘ '’I'jn iti\ I < Iinplii itiii.lv ], 
tr UJ. In r il.l. Win It 1 ,11 1,. 

''•I '1' I eht pati, niv ,i,, ,j 


b.in Iiiuih in till piiniiiioji,, toini 
m>l'd tint tlnn imp. 17 di itlis m ,l,e 

III hospital i.iilowiin. pn. lunoMi'i t.inn a 
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Table XMI Tpeatment Scfoert (P^EUsro^ECToM\) Plus HIG^^oLT^^E THmn 

(CARciNOiiA Proved Patholooicalla ) 





TIME interval (MONTHS 

) from 

.. 

C\SE 1 

1 1 

jriT NO 

DI \GNOSIS 

OPER VTION 

TO xnw 

TREATMENT 

X RA\ 

TREATMENT 
TO Lj\ST 
FOLLOW UP 

DIAGNOSIS 

TO LAST 

FOLLOW UP 

COMMEVr 

1 

51 030 

0 

2V. 

24 D" 

26V-D 


o 

51 070 

0 

V. 

12 D 

12 V D 

Mctastases to mlrmaL*, 

3 

51 161 

V. 

ly. 

17 

10 

kidnej , no rc<iiinal 
tumor in Jung 

4 

52 OSO 

0 

— 

9 D 

11 D 

lletnstases to brain, 

J 

52 1S6 

1 


6 D 

7 D 

operation midivav 
tlirougli X ny treat 
ment 

Operation midwav 

0 

53 277 

0 

1 

3 

4 

tlirougli A niv treat 
ment 

Feels Aiell 

1 

53 163 

0 

U 

3y. 

4 

Feels ueak 

8 

53 24b 

0 

1 

6 

7 

Metastases to bones 

9 

53 213 

0 

1 

IV. 

2V. 

No follow up 

10 

53 228 

0 

1 

4VD 

5V.D 

Carcinomatosis 

11 

S3 217 

0 

U 

8 

sv 

\live but terminal 


■Vvcrnge 8 6 0 7 

Eaiigo 1% 24 2^i 20 


Of 11 cn'=cs 5 Uend (a\oragc sur\l\al 12 5 months) C nll\e (n'crnBC sunl'nl > 
months) 

•D = Dead 


T\ble hi Treatment Slpcepa ant) IIioh Voltage Ther-apt (All Cases) 


C\SFS 1 

At ERAGE SURA H AL 
(ilONTHS) 

Total 


16 


Lobectomt 

5 



Pill unioiiectonn 

11 



■Vine 


6 

7 5 

Dead 


10 

13 2 


Table XIX Tpr^-ATAfENT With CoNTTNTiONAr X ilaa Plus Ilirii Voitaop TheR-vpv 




' 1 

1 time interaai 

(months) FI OM 

_—-- 


1 



CON\FN 







PI \ONOSI6 

TION \I TO 

Him 

1 I) Af NOSIS 



i 


TO CON 

HIGH 

\OI T\rF 




I 

1 pRO\'rr) 

\ PNTION VL 

\OI T\rF 

TO I VST 

TO I VST 


CASE 1 MIT NO ' 

PVTJI 

\ r \\ 

\ R\\ 

fX)r row IP 

For r ow I p 

1 

50 060 

No 

0 

11 

22 D* 

tt p 

Recurrence P'"''* 








monitis 

o 

50 076 

Ves 

0 

614 

30 P 

36i'P 


3 

52 030 

Tes 

0 

13 

2VP 

]5vn 

■Meta«tn«( to 

4 

52 004 

(k: 

0 


0 1) 

014 p 

5 

52 30S 

Xo 

0 

11' 

614 D 

3 P 








lungs 

6 

50 143 

Y(^ 

0 

1 

51'P 

6i'P 

Carcinomntnsi 

persisliat '-"“P" 

7 

51 012 

No 

0 

1 

26 

27 

s 

51 021 

Xo 

1 

1 

4 P 

6 P 

_-- 


Averapi 





17 S 



1! inpi 





614, 3614, 

__——^ 


Of A COS'S 7 dcn'I Ca\tratr sur\i\al—16-1 months) 1 ali\c at 27 months 
D rr 













BOYD FT VL 


C\RC1F:0MA of the I-.Tj^G 
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TMir \\ ‘■LMBvil OF All Patie-nts Tf^vtov ^VlTH HighTWa^ (34-), 

Vix ^ tON\FMioNAL TUERArr (S),or Ptrs Sctcert (1 ) 


‘■umvil 11 months) 

Itrpnn Inch'oltafi* tliornp' 

( omph lo,! high ToUnsc thcrapv 

—\j,nl 10")4 ^n\erogc cum\nl, 11 2 months) 
I)i icno 1- pr(nM pMhohijrn nll^ 


oS' 

hT 

bit 

44 

■)0 


63 

76 

S2 


Jnnnntii{^ in “>0 Cmts Tfoifd T^ftiholoffictiUv 

Findonnoid mrcinoni'i 
Not 

(tridi 1 
Gmdp 2 
Graito 3 
Idcno- nn innmn 
1 n iiffi rontntoi! cnrcinom i 
M\i (d ir-< 111 con inomn 
r vp\l! irv fnri inomn 
I’lpillin ndi noi nri momn 
< on innmn not cln'-ifiod 
Totnl 


n 

o 

T 

6 

3 

13 

1 

1 

1 

c 

50 


s'millof Tr FfiH' nf in Cl Tm. i 
In ijx ri\ In 
1 \plonhl 

1 ‘'IS t ilili 


42 

00 

31 

51 

30 

51 


Till unit ml i i< of rcciirn ncn 3 to 9 nfnrs nftor opomtlon nrc cxcluilnd 
iTiliillnt 3 iinti nil « Inlmio) 


Tmuf \\I ^iMMnr-i or Tif\tmf\t—103 Cvse': 


*n ST 


NO 1 

rrx CENT 

Midi-d 


ISO 

401 

"iit^n d 

Tliorii iitomv 


304 

25 S 

Pnllintii p 


37 

4 2 

^tintuo r»‘<(V‘tion 


06 

23 S 


Totnl 

403 


\ 1 ' 11 ri m r lU ms - 

1- >•» s 

p* r r«nl oT nU 

^^r^o Fi\cn rhnnc for 


Tmof WII IiEsFCTnunm (403 r\sr-';) 


____ cvnrn j lij- rrvr 

! "'ll 1 im 25 S of 403 I’iso' 

( until Of, 23 3 nf 403 rnsn 

or 

02 3 of 104 insn 

1 till it lip S ~ jpj cnsos 


in iri ht\ 

0.1, 

••i t I 1,1 

Dlls 

\ I 


>1 I o i>i r iitit Thin w in un iiKirtohtn iitor loluitmiw nnil tlvtre 
1 In iiiir < Yiilurntiirx tlmvittiliinn iii mIdcIi llic li nnm tniiUI not lio 
’I'Oinhti iiiF lliur n otoinx nUiiie of S (i jn i if lit 
1 ' 1 iMiiitil. Iii.irtihtx vluti It IS foiisnl, nil tint soim of tlic^p 
111 till p I lutihiotii irt Ttiil 111 tori siliitwi jmlmoinrx lunttion 

’ ’ ' '' Till" niortnhtx 1 ,K, tin ns.ilihihtA slumW lio suli 

' “ '1' 1 > lit in tin luttiii 
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THE JOURXAL OF THORACIC SOTGERl 


Table xyTTT JIoRTjVLiri 




DBIATHS 


VUMBEK 

1 PER CENT 

Eosectod cases 

Pneumonectomi 

8 

7G 

Loboctom\ 

0 

_ 

Thoracotonn onli 

9 

8 G 

Total mortahtc 

17 

7 8 of tliooD opcratiNl 01 


0^'ER-ALL SUR\I\AL 

The tiagicallv loi\ sahage in cases of cancel of the lung is mcII shown 
h^ the figiues in Table XXW The aveiage dination of su^^l^al ol all 
patients is 10 7 months aftei dischaige fiom the hospital oi clinic The 
aAeiage suicival of all patients CN-clnding those nho heed flee ecais is onl\ 
7 9 months Those patients nho eveie treated medicallj had an neei.igelife 
duration of only 4 2 months Patients gieen \-iay theiape had an aecrage 
duration of life aftei leaving the hospital of only 7 9 months 

Table XXIA’' Overall Sur\t\al 

A\ER\G1 DL PATIOS 
OF SLRn\ \r 

(iros Tiis)__ 


All patients 

10 7 

Excluding 5 rear cures 

7 0 

Jledicnl treatment onlj 

4 2 

X nv treatment onlv 

79 

Exploration* 

89 

Exploration only 

5 1 

Exploration and x rax 

12 G 

Eesection 

27 9 

Pneumonectomx 

23 3 

Lobectomx 

32 5 


•Small proup 

Patients vho had an e\ploratoiv operation heed an aeeiagc of S9 
months All those vho had lesections lived an aeeiage ot 27 9 months after 
dischaige 

The couise of eeeie patient e\ho had a total pncuinonectonn vas lol 
loved One patient vlio had a palliatne right uppei lobcctomv m 19-16 could 
not he traced and the fev patients seen hiieflc in consultation vho had no 
sui gical pioceduie at the clinic are not included 

"We veic able to establish that 17 patients Ined fi\e aeais oi iiioic (Table 
XXVI This percentage is peihaps slighth liighei than the nsinlb ic])oited 
sahage It is 9 4 per cent of oni total eases To oiii suipiisc one patient 
vho had \ nc theiapv oiilv is alice aftei flee ceais This jiaticnt Ind a 
thoneotonn and jiositne biopsc bv us and ve aie indebted to Dr 7711111111 
Watson of Xev Yoik foi follov-up notes The patient vas seen leecnth but 
found to be failing in health from metastasis 

Of the othei 14 patients one died of reeurrenee at fi\c ceais and one 
month Tvo patients ivlio aie aliae are bclieccd to hace a reeuireiu' one at 
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Brnn FT \L (.\RaNOMv or the le'ng 

T\i!tr XXA Five 7 LAI Sn-vn vl 

— - - — ■-- ■ I SLT^^^XP 5 VEATS 

or MOFE 

, \l MBEI 

‘‘H ^ ’ 

J ptcotion !•* 

>> r^^ onU ^ 

\ft< r r> fction (palliatnc 
ri fition'< pvcludotH 

\ft r luritu'" ro "slion __ 

fn. m<l "iu lull vtari nnd one at clcAon veais Elc\en patinits aie Imng 
mil i]^plrlnli^ ircc from dmensc patients haac snr%ncd file lears 3 six 
M J inni It n-s 1 ten icars 1 eleicn Ae.ir> and ] twehe veais (Table 
\\\ I 


PET CE.NT 

ol 


at s 


TirirXWI \nmims or l'> i Mions 


ciscs 

I'l ni of (li Ti'O in fiftli \nr - 

5* 111 Mil to invo ricurrenro 


Vt 'i \inr 1 

Vt It nri 1 

^till iln 31 

" M nr " 

I ^o•lr " 

" \.ir 2 

I't \| -XT 1 

11 \i nr 1 

12 vo-vr' 1 


It m III niltrisi to coiividor the patlioioci in the ])iticnts i\ho lued file 
M ir> III isiiiiii ii as tin iiujorili oi repoited fm-icar tuKs in the liferatuie 
iti II itii uts 1 hii h nl, riiund inrcinoiii i (T ible XXA’IT ) 


a \|' I Win I’\Tuiii<vi in 1 ') 3 ‘%Tn sTo Liiisr Fur 7 r\rs 


^ I ’ r 1 1 ( iTi M 11 
l.r < - 

< - I . 

i.ri' 1 
1 1 ir iTif 1 
' t liT r ti ii |S r imn i r i 

t s t Ml 1 si-i] t 

N, I ,^i 1 


I \srs 


f. 

1 

1 

a 

"» 

i 

3 


'■'it'iiii iM> roxru suixs 

^ 1 '* * ' iri tulU liillalM d ( tsrs oS i in 11)0111 1 of Ili< 

^ ^ 1 rii. Jirtsnitdii tlnripi m i iii mmiu ot tin 

! I ivim. iMuh •„ i,. ,l,.,ir,d Ml , 1 , nil tstabhsh.s tlu sound 

Tims O', 

' ' IS. 1 tnritu, r. s,, t,iin suriiitd til, i < irs or lone, r 

1 * ivs u, ,1, j>, J- ,, ,)t , 2 , 1 )i, 
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emphasis must be placed incieasmgly on patient and piaotitionei aMaiene';^ 
Only in this ua^ can the long mtei\al between onset of symptoms and re 
section he shoitened (3) Fnithei leseaich is mdicated betoie ^\c can state 
■\\ath any assurance the etiological faetois in\ohed in the Aaiious tipes ot 
cancel of the lung (4) Hlgh-^oltage ladiotheiapj mav haie something to 
offer as an adjunct to suigeiy in the tieatment of bionchogenic carcinoma 
(5) Those Avho haie the oppoitumty should peraistenth stiiie to bring about 
more chest suiieys yuth complete follow-through and caieiul attention to all 
intiathoiacic sjTnptoms until thej aie fully explained 

REFERENCES 

1 Graham, E A Some Questions About Bronchogenic Carcinoma, A'eir England J Mod, 

246 389 396, 1951 

2 Hare, H F, Souders, C E, and Boyd, DP A Nevr Concept in the Treatment of 

Carcinoma of the Lung Combined Eadical Surgerj and Supenoltage Radiation 

A Preliminary Report, Lahev Chn Bull 8 34 35, 1952 

3 Ochsner, A, DeBakey, 11 E, DeCamp, P T, and Ear, C J Bronchogenic Carcinoma, 

Its Frequency, Diagnosis, and Early Treatment JAMA 148 COl 007, 

DISCUSSION 

DR JOHN H GIBBON, Jr, Philadelphia, Pa—I am aluais impres'Ld "itli the 
similanty of the results obtained in different senes, Dr Boj d’s results are qiiiti «iiiiilar 
to ours oyer the past sea en years lye haie seen that up to Jan 1, 1954, there I'cri C3o 
consecutive histologically proved carcinomas of the lung at the Jefferson Medical College 
Hospital in a penod of seven v ears I do not think tlie survival figures are too had. 
Although onlv 9 per cent of all patients vye haye seen are alive five venrs later, in the 
group of patients in vylioni the tumor was remoyed (39 per cent of our entire series), we 
have a 26 per cent five vear survival This is verv similar to the senes of Otii nor and 
DeBakev, and I think compares quite fnvorablv with the live vear survival rate of 
gnstrectomv for cnninoma of the stomach In the cases where the cancer was confined 
to the lung our results are similar to Dr Bov d’s, le, over 46 per cent five vear survival* 
In other words, if we can operate before the cancer has spread bov oiul tin liiiif, wc have 
a respectable percentage of five vear survivals I do not think we should la too pe i 
mistic oJiout these statistics At the present time the results of operation are ii“ Itood n 
if not better than the results of operation for carcinoma of the stomach 

DR RICHARD H OA ERHOLl, Brookline, Mass—The precipitous ri'i m the 
of carcinoma of the lung as a cause of death makes tins subject before tins \s oc lation 
particulurlv significant, I think As Dr Gibbon said, the results of Dr Bov d and of 

others add up to about the same It vyas interesting to us to find in reviewing oiir ca c 
that of 69 patients operated on before 1951 who are living todnv one third lind lind a 
pnlliatiye resection Tins encouraged us to extend exploration in all case wlitri there 
IS not positiyc evidence of extension bevond the lung I ennnot quite agree liowivir «■ 

Dr Bov d 3 enthusiasm about x rav therapy 

A\e have checked back over a ten vear period and find that patient- to wlioni 
have given x rav tlierapv have not lived ns long a- the ones that did not Imv' ■' 
patiints who had no tliomcotomv all histologicnllv proved ease', wt find that ‘ 
irradiated patients lived an average of ten months from the fir-t s\nii)t('iii 
patiinls who had no treatment nt all lived on an average of thirteen month- ” 
nttempts nt palliation, we did not nctunllv prolong life 

In patients in whom we did an explorntorv ojicrntioii oiilv, followid h' ' 
tlierapv the nyerago length of life was fourteen niontlis and, in the iintrentid 
month' In other word', in thi' group, those given irrndintion were given hut one nior 
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mnn rr \l c^rctnomv o> the lung 


nor. to Ine <vrr<i encouraged br this experience, I nm 

not ^UTC It I- 1 tnd to pum-^li the patient bt radiation .=icbne»s dunng hii terminal fe 

rnontli nf lifi , , .. 

In lb. hn consecutive 100 cases, most of them done m 1053, uc explored .1 per cent 
.„d I, ,1 a lo1.e or lung in -10 per cent We have done palliative n-cctions in 31 per cent 
ind car .in. re^ectionv-in ca=es lelicrc vtc could find no evidence of tumor outside the lung— 


in 15 ] r 1 . nt 

I’rior to 1050 ne Irrited a group of 30 patients for silent lesions There were onlv 8 
tr, It d Mithin three months of the fir<=t x rav tn th it senes 6 arc living todav There were 
21 piti.nts treated for silent circmoma, but exploration had liecn dclaved for several 
months there tie onh 5 patients of that group linng This emphasizes again the fact 
111 a oiir lost hoj.. IS to support all the sunev programs and ex])loTe all suspeet cases 
prnmptlv 

Dh lom C lONF'- Ins Angeles Calif—I should like to sav a few vvords regard 
iii„ 11 \ I xperii nee with carcinoma of the lung over an clcvcnvcar penod from 1042 
throiuh 1052 Uurint that time m\ nssoeiates Dr Hobinson and Dr Mevor and I saw 
• 10 pnv lie patients with proved cnrcinoinn of the lung Of those, no considered onlv 
■'eo, i,r IS per cent, to hi clinieallv operable 

Ti fntv five of th< se either refused operation or went elsewhere, so that aetuallv 
otdv 275 or II per edit of the diagnosed patients, were explored, and onlv 144, or 23 per 
Cl at had ri si rtinns 


Ml u lilt'd to sfs what our fivi viar follow up would be Prior to 104S there had been 
-SO c i diagiio I I Of the 2®G, then were 41 ti per cent operated on, and 00 or 21 jicr 
r at, hal risiitioii which of coursi includes the so called palliative resections Our 
ovir ill sal age rnli i* louir than that presentid hero Onlv 17 patients, or 50 per cent 
of t!io I dmgno id nr. cither alive todav or died of cnii'es other than carcinoma Onlv 
)1 I itunls, or " s r <.,,,5 Qf jj,, oc,, (iingnoscd, arc still alive It i' interesting to note 
in til group lliat tv o j itienls died after the fivevinr survival period one seven and 
llii I th. r mil. v.nr if(. r r. ertion, both living of metastatic or neurrent carcinoma of 

tl bill- 


Till thiiiL. ill It ill .oiiraacs ini is tliat v\o continue venr after vear to s^. eo ninnv 
, 111 .Ill who an noi op r ihl. \\, sp. m to be doing more and mori extcusiv. re'ections 
. ii I at 11 Ills wlio hav. more imd more cun iiinmn and I do not believe we are s.ung these 
lain It tiuv earb. r now than we wen five vinrs ngo Our operative mortnlltv rate 
Ml on- til. t iti.nts 1 , rt.il ov.r til, clcvenvcar period via' onlv 4 ^ per cent but with 
a al II- r ite of otilv 0 spems to me to \)C n discouraging ]>iciure 


l , 
tl 1 
t'. 
It 
I. 


I >1 \1 roN Oi IDsM 1 Orleans, la—I wish this discussion could ht heard b\ 

\i a.' II \ of to II. ral Prnrtic ns wc II ns our group M e liav e some statistics regarding 
til r nt which til cn . < ar. «nn d,. — m - In.,.-. 1. — 


cn •< nr, s, tctunllv, thi re is a longer delnv todav h.twccii 
1 . f sM jj„„ and ch finitiv tin rapv than there was live rears ago and it is 

'iivviiiHv d.i. trtl. fart tlat the-epopl. arc being tr. at. d for v,ral pneumonitis 
1 ' • n(i I it i*- !■ in tbo *=< ncs tlmn in l)ip cTinntx «Lr 

' ■' ' 'f a'e t SIX nonth* in tlie privat. 

' 1 II tl ' • I .nil II, pjtal s ri. - 

1 V il J'' 1 la 1 ciM . « t I II. 

I . f l) e I , 


cries Tliero 
I rii s ns compand with three 
In other woriD a p r <111 who i« not aid. to afford 
I' < hintv Hospita? nn.l has the ilingnnsm n ad in al out 


‘ M 
1’ 1 


s* 1 


nr '1 ns D I'ov .i j r. , ui, .1 In a total ri. of] 1 5 c « 

' " ! I I'' pr r mo tabu r A. Me fe,] tint pdbatuc r stmus ar 
5 all . ,1^ s .1 o a r. s „oa .a tl - c c . v fi, ,, t! . r. ,s . ,0^ 

‘ ^ ‘ tj er Ireal ntpbc.I.nu, I,„l .rtudlv ,f og. a , Ms this 

‘ ^ ..siou, 1 vt. n ,e . L vead the lung 

" br- ,1 ,,r.r-! n O ir. , . ,11 , , j 5 . - , 
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cent, much higlicr tlinn hns Imon previoush reported Of the liospitnl deaths, -15 per cent j 
cardio\ascuInr; 30 per cent uorc rcspimtoiy, 8 per cent uerc due to hemorrhage 'Du'^e ir 
the statistics tint I uould like to refer to in particular One sees our over all fiic vnr 
rate, this includes evenone subjected to operation or not operated upon, and eicnono dva, 
regardlc^^s of the cause of death Itlien one recalls that at this age onh S5 per coat of 
the population are nine at the end of fi\e rears, ire have a ti\e lenr snhage rate of 1j 
per cent in the resected cases as contrasted ivith a group of cases in uliich no operation 
was done, in which onh one of 500 patients is nine four lenrs after tliernpr That ore 
patient recened nothing but nitrogen mustard, and he is the onh one in the nonre ectei 
group who hns lived that long 

M hen one contrasts the so called palhntnc and the so called ciiratne rc«ecfion«, orf 
finds that in tlie group of palliative resections about 7 per cent are alnc Tlie^c are 
patients that I think nould haie been turned down b\ most thoracic surgeons, anil "e 
are ven proud of eieii such a small group In this curntne resection group, 3-1 per rent 
are nine fne \ears after resection 

To recapitulate the whole series, there uerc 55 per cent that were operable anJ 
32 per cent resected, 26 per cent surnved resection, with n fiveiear sunnnl rate in the 
entire group of 0 6 per cent I will not mention mi ideas about smoking ns a cnu“i, for 
most of 1 oil know wliat thei are, I think when the final page is vritten lou mil find 
that smoking is the real cause 

DE JO'iEPH GORDOh", Albuquerque, A’ iL—Although I linvc raoi cd from iip'tnie 
A'ew York to the Southuest, I have maintained mi interest in this problem I hnic Iitin 
asking about the incidence of carcinoma in tlic Indian, and liaie found some suriiri ms 
nnsvers I wrote to Dr Gmhnm asking him what he thought of it He said I'C niiplit 
go on and consider it as a problem that mav be of real laluc for studi 

This IS 11 hat I have learned On a Kamjo Ecscmition at Fort Defiance tlmrc i> 
a HlO bed general hospital In the past three icars an enthusiastic group of phisifinn* 
have boon looking for carcinoma in all organs Tliei haie reported to mo that m a 
rci lev of all cases entering this hospital, thei Iiaio ict to see carcinoma of (he luOr 
m these Indians although it hns been found in their other organs Thci nbo 'aid thit 
in reiiciiing a tiielieicar studi of hospital records thci Iiaie not found am recorilul 
cases of carcinoma of the lung This obiioiislv brought up the question of smoking h' 1'"^ 
Vmenenn Indian, wliora we often blame for establishing the habit I learned that ttici 
'■moke icri little the older people pnrticulnrli Thci make a package of tohncco hkf 
Bull Durham last for n ii cek or more “Smoking, therefore, is not ven common on the 
reserintion This uould be in contrast, I am sure, to the olT re'cn ation loung pcop' 
11 ho appear to be taking up the habit of smoking n groat iimni cigarettes I think tlm' 
if the members of this Vs“OCintion wore to interest tlienisehcs in this problem it nuft' 
help us in a long term studi of tlic subject 

DE VETHLE H AUFSE'S, Xew York X T —I would like to renew some 
compiled from a fourteen lenr suriei at tlie Alt ‘sitini Hospital in Xcw Aork Cit' 
runs from lejj through leiS, and therefore includes the iior't lenr' of cnreinomn of t 
lung surgen and excludes the best lenrs, those since 1043 Ate ended it in lierie 
we wished to haie a file icar folloii up Tlic Alt Sinni Hospital is a general hospital 
therefore this is a picture of carcinoma of the lung ns it occurs in the general population 
in Ncu A’ork Citi 

At o snw 050 cn“C= of cnrciiionia of the lung in this fourteen 1 car period 
iicMcd them in relation to the duration of snnptoms before operation and ve nm 
patients i\ho lind no smiptoins Their tumor was diKeoiered cither on suriei or 
fluoroscofii in a doetor s ofiicc In that group iie had 44 jier rent reseetnble 
Tlioro an lii< patients of the 32 nho arc nine and veil niid eonsidered cured 1 
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at thp <lLration oi ''Tniitoais liefore operation vou will ■-ee that there is little 
liflrr rrr m re'ectahilife whether the '-vTnptoni= were present for le" ikan one month 
nr a» Ions a three ^ea^• 

In no jatient with or without node in\oKement wa' radical mediastinal dissection 
j-rf-ir^-ed In the patient^ with node inioUenient there i« a <i per cent cure rate and 
ir tho I without iniolietrent then i« a 30 per cent cure rate Thi® of course is to be 

espt tel 

We did al-out one third lohectomie-- of lol rejections 53 were lobectomies In the 
lole-ctonns lo I'er cent are considered cured and in the pneumonectomiC' onl\ IT per 
e< nt are e( nsnlered cured Of course lol>e( tonne* are done for small lesions limited to 
II I lole and without crO'S I\mph node inioUcment at the time of operation 

I'l I'ttll' P P0\ 1' (closin"!—I shall not tr' to repU to the discus-auts in 

diMilualU T1 e\ are all men of \ast expenenee in this field and I reallr feel that manv 
Ilf thi joint* of ajijarent dilTercnee are dilTcrence' of aiewpoint perhaps e\en differences 
if ti nj“ rm. at W'e ci rtainli nwd Dr Oibliotvs optimism in tins distressing field If 
I 1 " jir 111 Iir Otirholt a* lieiug \erv optimi'tic about anv form of radiation therapv, 
1 ih 1 not 1 ean tn be pirtieularU enthusiastic It mat be an unconscious reaction on m\ 
j art friin tie las tun I "ate a similar talk a few weds aco in a southern cite After 
tic tall was fiiu hill one of the discus<ant' called me a cmic—in the politest of t0ne= 
Ilf r ,jr I —mil I ri u I mliered a line in one of ‘thaw * plat s m which one of the characters 
'll Tl I j II I r of accurate olisertation i' called C'nici*m bv those who do not po"ess 

tl faciilti " If that IS s I I am contsnt to be a cmic 



A CLINICAL SUKYEY OF ADENOJIAS OF THE TRACHEA A\D 
BRONCHUS IN A GENERAL HOSPITAL 

L\3iar Soutter, M D , Roxald C Sxitfex, M D (b\ ixvitation), \nd 
LA.UREXCE L RoBBIXS, M D (by INVITATIO^ ) 

Boston, Mass 

A lthough the existence of enclobioncliial tumois other than bioiichogcmi. 

caieuiomas has been lecognized foi niauA ■\eais, then lariti hasdelaiod 
the aeciiniiilation of sufficient chnical data to chaiacteiize them mth certainti 
The application of the term adenoma to a vaiiety of neoplasms uni elated in 
eithei cellulai pattern oi clinical behanoi has made matteis uoise It has led 
to similai treatment foi dissimilai tumois and paiticulaily to the emiilomicnt 
of indiseiiminate ladical suigeiT for lesions of both loiv and high degrees of 
malignancy At the piesent time most pathologists recognize the carcinoid 
adenoma and the cyhndroma as Separate entities on the basis of then eelliilar 
patterns In renewing our oim expeiieiice, ue haie studied only those eases 
in uhieh the histologic pattern fell definitely into one of these tuo groups 
Other tumois such as basal cell carcinomas and mixed tumors (similar to 
mixed tumoi’s of the paiotid) haie been excluded as being micioseopicallv 
different All of the lesions uhieh contained tissue resembling bronchogenic 
caicinomas histologicallv y eie classified and treated as such 

In the piesentation of these eases the cylindromas liaie been separated 
fiom the caicinoid adenomas because the tuo categoiies haye nothing m com 
mon either pathologicalh or chnically The entne hospital expeiience inth 
these gioirths regardless of treatment, is presented heie m an effort to corre 
late the coui'ses of the patients mtli the malignant potential of then tumors 
Orel the penod of years 3909 to 1954, there were 56 carcinoid adenomas and 
four cylindromas diagnosed at the Massachusetts General Hospital The ffil 
low-up has been complete a point of maior importance in any study subject to 
statistical analysis 

PXTHOLOGT 

The oiiginal micioscopic diagnoses of the tumors presented in this series 
yere carefnlh scrutinized When iiecessaiw, fresh slides from the original 
spociniens yeie made No tumoi yhieh had been identified originally as an 
adenoma yns found to be a bronchogenic carcinoma, but at least fi\e tumor- 
yliicli had been classified as “low-giade caicinomas” y eie reclassified as oani 
noid adenomas on the basis of this studa 

Carcinoid Adenoma —JLcroseopiealB all 56 of the carcinoid adenonns of 
this senes fitted into the standard pattern for the disease Basicalh thei I'crc 

From the Surplcnl Services and the Departments of Patholojrv and Ra'lloloo of 
AInssachu«etts rencrnl Hospital Boston Xlass 

Rend at the Thirtv fourth \nnual aicetlnfr of The \merlcnn \ssoclntIon for Tliemr 
SurRerj at Montrenl Qufbec Mav 1 to " lUt 
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.oinjm^e.l of Minll pohsronnl cpithelnl cells of uiiifonn cliriiensions Mith a 
finch ^rnluhr i. i.loplnlic cMnplasin (I'lg 1) The nmlei ^^e^e loiind or 
o\(.i<l mill (ont iiiicd a fine thromatin precipitate Msible micleoh Meie nneom- 
mon The cells were -irrmfred in inastoinosing eolnmns of lamng diameter 
or m sjiinll jinv-C'' *ai 2 £r<sine of acinai groujnng Lneonmionh time acini iverc 
lonncd Mithnnt \mhle content or mere filled inth a nonnuicinous fineh gnnn- 
hr protein precipitate The tell eolnmns ind groups Mere intnnateh assoei- 
itcd Mith mnn '.imisoids presnmabh of both \astiilai ind hmiphatic origin 
\ debt ate fibrous stroma enclosed the sinusoids 


mm 




~ trev IT : 










'' ' r'l 'inia,’',i I ,,i‘i ' T'"’ 'O'"O n>.) Inu cUminx .f unifonn c.!!-! 

‘'ume \ irutioiis cm r, usii dh ecidenl in tlie b isu jiilttm ‘'omi tumors 
coot mild mil 111 tint \ imd cmisuUiibh in sni nul hid on isional tn int 
I'i'-in'- Ihi littir Mill ii iiiimsieiit oi the aiant michi umnd in nuii\ lura- 
1 iMoK idi inmi IS 1 nil vp^cibs i i.idd bt lonnd in sonic oi the tumors up 
P ir. otic irism. m m ,„i Ind. .1 l,r,.m h. d , .rtil ice or in tin stroma itseli 

iMd.n.i 1.1 m b.nmt „ti\,u m is m mil. si, d b\ tin folloMim' Inst 

.. ‘bh.m-Ji distin.th r.„ M,r. imind in s,s tumors s,,.,,,,! there 

s un ,oM.,p, thionch the , ipsulo 

' u!). l'"Vi H V tumors in nhich this ,ould he 

, , „ ;■ .. .. I' mi* m.l,. ,„ro 

lull. . "i"■ '"«""ll„r !,'<■ I.III ..I i,I, 
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lung- In the thud uhose autoi)s\ followed death fiom luieuiiioiiiii n iMnpli 
node meabuiing 2 b-\ 3 cm was found to be leplaeed almost totallA In tumor 
This case was lepoited b-\ HolIe-\ ' On microscopic examination the iiietastaMs 
was similai moiphologicalh^ to the tumoi which had been icmoAcd from an 
adiacent bionchus lis an endoscopist at internals of two, foiii and si\ icirs 
piCAioush At post-nioitem examuiation no lesidiial tumoi was apjiaienf in 
the bionchus Although blood lessels weie occasionalh conijnessed In these 
adenomas none weie iniaded and theic was not a single case of heiiintogeiions 
spiead 


SAmnsiY 

tffTTtJHJJMWAL 


tuwA a emtA 
aacfiCHUL 


EXTRA BROfiCHiAL 
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II CARCINOID 
ADENOMAS 
(5 Pedunoiloled) 


42 CARCINOID 
ADENOMAS 


3 CARCINOID 
ADENOMAS 


4 CYLINDROMAS 
(IPaduneuMed) 

< 3 hTnACHEA) 




Flp 2 —'Schematic draw Inp '^liowtnp rclutfonshln of carcinoid adonoinns an<l four r\lln 
dronia*^ to the wall of the oronchii** an«l tmclica 

(tio^sh these tuinois ajipeaicd to be well tiitiimsciibed and noniin isne 
Then imsitions in ielationship to the bioiicliinl wall and lumen nie shown m 
Fig 2 The mam tumoi mass was eitliei poh-poid sessile intianniinl, oi extra 
muial The most common mode of giowth inodiiecd a sm.ill nitiabroiielii d 
piotiiision and intianiuial imasion with the bulk of the tnmoi hnigoiitsidi 
of the bionchus Oiih cle\eii of the tumoi-s .ippcaicd to he entiich mtra 
bioiuhiil iiid suiicificinl to the bioiichnl caitilagcs Onh fisc weieactiiilb 
pedunculated Peduiiculntion was often decciifne bceniise some nenplist'C 
cells nsmlh iieiietntcd thiough the bionchial wall In thiec eases tumors 
aiisiiig at the bifiii cation of a bionchus extended in fingeiliKc c-ibnders down 
both dilated bionelii hut icnnincd mfiabionelinl In no nistnme w.is tin 
cxti ibioiuhnl tumoi mass gieatei than 4 I em in fliametci Tliicc tumors 
Ha eiitiieh outside of the e ii tilage plates 

Intelmittent oi complete otistmction of bionchi Iia these "inwllis often 
c uistd considci Able pulmoniiA siippuiation AAUth iiiCAersiblc imlliologm 
chaiures Ininicf as demonstnted cilhei midiogiaphicalh or Ija c \ iinimln'U 
of tissm lemoAcd at oper ition oi at autojisA 33 piticnts had bioiicinctt isn 
20 had pnciinionitis IT had cmpAcma > had lung abscesses 2 had acute hrou 

clutis and 2 h id pulmonai A fibiosis Onh 7 out of 30 p ificnt had im ca idime 

of poimaiieiit ])uImoiiiiA dainauc 
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mirnlroul ritmorv-(MuHlimnas, foiuul most commonly in tlic trachea 
l::u.nn. m mat... h.o.uhi, hen. little lese.nhlnnce to care— 
,„,„<.rs Thmmh snn.Inr on (i.oss .nspertion the invasne natuie of the cvlni- 
.Iron.a rs nsmlh .pparmt lake larc.noKl nacno.nns thev mav 
,„.l 1 mass with o, n.thout extension th.ontrh the vvall of the ai - 

.av to fonu an extramu.nl ,no,eet.on AMien the tumor extends hevond the 
yall of the tra.hei or hionchus no capsule dc\ elopes and nnasion of neig i- 
hornm stnutures oc.nrs 



I “ \ ft .tens Hint ir ft rtiiinu iirini ftH* \ nui< lnou« nut rKl Thf confonTist 

ti n I if n r nunl'-r» nt «»f nnirtMU* i-lnn J tlurtf 


11.1 1 . isn stnntnr. oi .In (\lindiomiis isdusoi to imhing tubules and 
11 nn iintiiildid in nlatn.U niv.ular (onm.tn. tissue of v.irving densitv 
Old ilnimlim. (I lu \ Ircimutlv tin anni lonliin mucinous mittiinl 
111! 1 %i>i>’il ((11 js'•in ill ind uiui«iriid\ his<ij>hili< Mitosfs iie more common 
ill III in I an mold iid. iiomns 

In ilinc jiitnnts m thiss.rns tin ixliiidionia oiiinnatid in the truhea 
< itii « IS pi ihiiii 111 il< d hut iin oh d lli< w ill oi tin trnlu i and no i i)>sule 
li.dfonmd rill '•iiouil mv idtd till \ ill oi tin tiuln i ilmost ni its i ntir. tv 
I'tindim. into tin tliiroid l 1 oid hut ]iiodui iiiir no minosal nhirition The 
thud tumor m\ oh d tin thvionl uuh rim,irtiki )>rojiitions In u loitilh pi 

til It till ivlmdt.mi oimniipil ,,1 th. ut-ht inl< ..hit. hn.mhus md hid 

Iri-lU spri ‘1 'll till loll ir hromlii v hi n i rulit juii iiiiiom i tonic u is prr 
o 1 M\ir thirliiii \. iis liitir uti r tumor rnurnini and it autoj.sc 

1'"*' '•■•hum ind h ft luinli Hi sidunl tumor 


•1. 


s inv asmii of ir 1 lo 
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A\as found in the stump of the light main bionchiis The left main Ijroiuluh 
A\as enciicled In the gioirth as uas the esophagus and supeiioi \ein (in 
The most inteiesting attiibutes of these CAlindioid neoplasms uoio tluir lio 
nign appealanee cellulai luufoimitA’- paueitA of mitoses and lemiiikilile 
ahihtA to miade the peimenial hmphatie channels 

SEN AND AGE 

In this senes 31 males and 25 females had caieinoid adenonns then 
ai ei age age at the onset of sniiptoms aa as 33 1 a eai s Three patients dated thi 
onset of then SAinptonis fiom the time uhen completeh asAmptomatie lesiem 
A\eie lemoAed hee.iuse ahnoimal loutine chest loentgenogiams had led them 
to seek medical adAice 

The time of diagnosis foi the 56 jiatients A\as established as f(dllm^ 
Foi foul it A\as the time A\hen a shadoAA A\as fiist obsened loentgcnogiaiili 
icalh Aihich A\as latei found to be consistent intli caicinoid adenoma and in' 
ultimately lemoA ed Foi one, it aa as established Ija bioiichoseopic obscrintidii 
and subsequenth confiimed liA lesection T’oi the lemaindei it aa.is the time 
Aihen the diagnosis iias fiist made on the basis of inicioscopie section 


ONSET oriLLf^ess 



Fifl 1—The a'crape tkla' in 'eara between on^ct of st niptoniK time of dlneon'i* *mi 
operation for 4B patients nlio untlenient litflnltlte -"urKen for cnrclnolil niitnoina 

The aieiage age at the time of diagnosis iias 37 9 Acais, the aouhiu'’* 
A\as n lO'Aeni-old giil and the oldest i Tbieai old man At the oii'-F 
sAinptoms the aieiage age ins 33 1 Aeais This is !i difi.eieiice of 4 h ifiU' 
AAith a mininimn oi 0 and a iiia\inium of 20 aciis In consideiing onh tl"’''^ 
45 patients iihose faicinoul adenomas amic leiiioAed siiigicalh the jiiei ii’i 
age at the onset ol illness aa is 52 2 Aeais, at the time of diagnosis it had 
to 36 3 Aeai-s but I)a the time of definitnc sin gen it A\as 3b 9 ac.iis The di 
laA in Acais betAAeen those jigcs is sIujaaii giaiihicalh in I'lg 4 

(3t the foul ])atunts aaIio had CAlindiomas, tA\o aacic innks ind 1' 
males Then aue' <it the time of diagnosis Aieie 35 3() h3 and 65 aiT"' ''' 
s]iec tiA eh 

SA All TOAIS 

Although no specific sAaiiptoms sctac to idcntifA eiidolnoiiehni timi'^’i^ ’ 

])iolongcd histoiA ol imlmon ita infection cough md hemojit a sis in a aoiiiic 
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I'liiil 111 i\ irtiusi till susjuiioii til if Ml Tilenoina is jiiescnt As the disease 
iir\(Iii[)s (iiir IIh \nrs the SMiijifoins will change paiticuhrlv iC pulmonaii 
innitioii luiiniiis i lirniiu III gtiiei li file sMiijifoiiis fall into thiee groups 
lIioM innncdiafih rcfeiahk to the piesence ot a tiimoi in an airwas those 
ivsomtid with nileition of the liin£r iiid last the icaetions of the hodv as a 
wliiilt t<i ]mIiiioinr\ snjipmation ind collapse In the fiist gioup we find 
namh hniioptssis ind whoi^e in the siiond bouts ot jilemisi, hionchitis, 
and pneniiionn in the third ihills feicr nialnse weight loss and dsspnea 
Till most iiroiiiiinnt sMiijitoms ha\e heen ontiined in Table I 


Tom I "is PiTir'Ts \\ iTii Co cisoiii \iiiso\iis j i rQsi r\c\ of Muor 'Symptoms 


1 

T 

! 1 

K 1 QI F 1 

I\IT| \I 
roMr/*.\iNT 

1 \S CHIEF 1 

' COMPIATNTON 1 
1 Ho*>riTVT r\Tr\ I 

\o\r 

1.11^1, 

12 

21 

10 

A 

1 

><\ 

1 1 

lo 

17 

U J I'l 7i 

A 

0 

1 

12 

II dit* /if {»!(♦ uriKirii 1 

Ui 

II 


20 


A 

0 

0 

52 

I'll Ufl \ 


h 


•15 

I)\ pn 1 

1 

0 

1 

52 

1 \ r 

\..M 

0 

» 

4 



It is iiotiwortiiY tint conirh both hacking and prodnctiYo, was a Yen 
1 "iniiKiti sYiiiiitniii ItloodstK iked sputum was leportod In 28 patients hut 
iiiissnc hliidiML (siYird ouiuts or more) h\ onl\ 11 In one form oi an- 
otlor lilddinu w IS ((iinjilauud of h\ 17 out ot 18 ))a1ients whose siniptoiiis 
"*'* 'hiritioii oi iiuiri It is lutiicsting to note that of the 2S 

I'lliMits who hid hliednig theio wiii onh tiiiee in whom no pathologY other 
t laii till I'h iioiii 1 w ns d( iMoiisli ihle 'I he sy st< inn sy mjiloms y\ ere rai eh the 

h ISIS III I hn 1 ( mupl nuts 

Tin lliiK fiiiniits with ti n in iF cYliiidiomis i om]dained of dYspnoa on 
in'ini ilimi thi nm with t I'min Inal lesion < omp) lined of <nngli 




/ oiMti/i Iti.MUeniimriidin findings iri oi niaioi irnportamc 

v;;"... ... »■ — 

-n-nahh 

I, , t„ ,1 'll/' I portion oi dl Ilf the tninoi 

•1-niiti,in will's I'r'nVm’s^^^^^ ihos. ,h,ngis isso.ntid with hioinhid 

in ',1 ih. P, , lollr , 1 'olhps, \ is dinii.listrihh 

•I" i -u -.l.M 'Iillx'ill M.ll,,,-. It, Jl, 

..'.I T''','"';... 

.... .. 

.I. M,.""'^..111.,-, 

"'ll n <*l op.ipn niidi, ml., th, hroml,,,, 



418 


THE JOURNAL OF THORACIC SURGFRl 




, 0 L-TT 11 t-r '■ Ot TPUME-l IM) HbONUIl- 

, ,r, - lie l<u,in,.l.'lieil l.eca»vc ot ,*straU...n ptoduced In the 

1„ Iinu a ... .»e the l.tench.al obstruct,.n recouped m .t, 

. irh et ICC . h'n olMrmtne en,ph.scn,i was the pnraar. finding 



y 1. f I ( ^ i-’ >*1.1 ,1*^1 ni »in b**nr<*ht»«^ rf th richl ch *l 'v* i r<“«ult 

I 1 V u rt n > ir- Iw f N-»t th Imj'J jo n) rt tn ! inv m nl U 

1 ' T i*' t n mrr ' ini, « f lb 1 ft ni im bronrhu thnnichoiit iL< 

^ ^ V n »-i f t> I 1^1 xcu iin 1 n < f l?i I ft ni iln I nrlju< !■< riif^r 

1 ‘ 


in!, <i! till I s..^ lli( tiintiir nn'''> i'- oil's! uml I)\ nii infl'ininitorN 

' ‘ ti " 111 > 1 .' ’ll 11 nl lull!* Ill tlu nmuinltr it wi*. jih^mIiIc to nliiitiiv 

'll! *'in ii Its 'll I \ fiiiihl tlnn lie ipiiroMiantfil v iriotl irom n t\\\ 

iiihiii! ! rs .11 11'iiiDi, ,1 IN in (IniiMttr 1 *<11 !ll\ tlu in iss of 

’ >11 >^! in n^ nv-ifu ii,,n or « ili ifit lion its lU inoii'-tr ilik iiitliin 

'' < s< ^ I'l \i> u M snt I u is (* ntr i! in I rosi-s spi n Die nl)spr\ 

'" I'iis I i)h smooth in outlnn iir shohtK lohnhitptl 
1 1 ' 11“ 1 \oi.l in vh i;>! iml s il.min ov il or < \lr ihroin hi il <\tfnsion 

“U -h not.str its .1 T}„ intr ilniiiin il in iss is (ontristitl t!> tli if of 

’ ' '' " ’ I r^. rhromhi ii'in irt.ltohi roiituh d lik< 

I ^ * I ^ss* ‘ \lr ih^oii! hi il » \t< iisioii of sonu V nrt iiionl 

^ " I ’* 1 1 ' 1 . ns • - . idirs tniiiorv 

1 ^ * * J! M t -s \M iIjs 
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t' 




t r 


Mtlif r t\ |/» s 

111 u* lx. iiu oi tint’' irr-nihr inhitrntm'. 

“ < ’i" " h. u if’rr.iu V .rni’its oi ir.,hf 
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01 bionchns (Fig 6) There iias no evidence of pathologic changes in (he 
lung distal to the tiacheal c^ lindiomas, bi onchiectasis vas associated with 
a c^llndlonla vhich had aiisen in the light luteimediate bronchus 

When only films of high contiast veie obtained actual demonstration of 
<1 tiinioi mass u Inch lay in the lumen of a iiiajoi bronchus v as often impossible 
To outline the tiachea and maioi bionchi eleaih, a high kiloioltage technique 
was employed and at least one posteioanteiioi oi anteioposteiior projection 
using a gild oi Bucki diaphiagin was obtained In addition it was essential 
that the patient be fliioioscoped Spot films were helpful and laininagraphie 
studies weie occasionally of gieat impoitance In a few instances it was 
iiecessaii to lesoit to bronchogiaplii foi actual demoiistiatioii of the tumor 
but this latter method has been abandoned foi the most pnit in fa\or of 
lamiiiagiapln 

B) onchoscopic —If a tiaiisthoiacic excision of a tunioi is planned it is 
exceediiigh helpful to the sui geon to lla^ e the i oentgenogi aphic findings and 
the histom siiggestiAe ot adenoma, confiimed by biojis'^ Thirti-fiie of the 
caicinoid adenomas and both of the lesected cslindiomas weie thus identified 
betoic lesection (A histologic diagnosis foi eieii tiimoi was iiltimatcli ob 
tamed by bionclioscopie biopsi in 46 at opeiatioii in 11, and at aiitops' in 3) 

Radical siiigcn was aioided in tliice instances in which it would lin\e 
been undesiiable because pieopeiatiie bionchoseopic obseiiatioii indicated 
that tlie tiimois weie caicinoid adenomas Fiie other tiimois lesected thorai 
icalli weie too peiipheial to be seen at bioiichoscopy 

The final decision as to the tipe and extent of tieatment depends on the 
acciiiacy of diagnosis 


TRFATWEXT 


Radiation Ticafmcnf —Expeiiencc with ladiation theiapi of cither the 
caicinoid 01 Cl lindromatoiis tape of adenoma has been limited in this liosjiit d 
Ill all theie weie eight patients who icccned some ioim of radiation t)ieril»' 
at some time during the couise of then disease All of these weie ticated m 
or prior to 193 S befoie the piesentdai concejits of dosage dcternimatiou 
wcu 111 effect In eonseqiienct the total doses delneied cannot be cstimatid 
with acciiiaci 


Thiee patients weie tinted In niseitioii of ladon seeds into the turner 
thioiigh the bionchoscoiie the lemanider lecencd inning amounts of x rni 
(Oiih three of them were ticated at this hospital ) 

Extensile discussions ot the use of ladiation thcrapi in carcinoid adennin < 
of the bioncluis lunc not been found In most lepoits there is oiih nn oi 
( isionil CISC incntioned in whuh ladiation thei.ijn had been used Tlnsb'"'' 
of infoimation plus the small mimbci of patients ticated in such a manner ui 
this senes pirdeulaih in new of the Ink of ntnrale dosige iiicasiiH mtnt 
makes it imiiossible to e\ ilu.ite i.idiation Ihci i|n lloweier c\cii thmuih the 
tumor might resjiond to ladiation tu itnient the assoti ited d image of th' 
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.l.Mnl Inna -r bmiKhi rutl^c no Wnchx From theoretKil tonvukr- 

inn Iinmcl fxrenenoc Ihorotoro nclntion therain offers little perun- 
nuu niuf nul Miroienl extirp >tmn ciohts the treatment oi choice 

hi th( tmtinent ol limlrnina'. whuh arc iiio‘-t oiten located in the 
tn.hei a trnl (mir-e ..l ndntion theripa mtli the hope ot produeme a cood 
rtarevsmn m la he jmstified '^hmild this he unMicoes-sfid there nould he 
>.ur'i. nnt opi)OTtnnita u>r later sursual intere ention From the little mforma- 
tirm non av-ilahle it m awime.l thit reasoinhU I vrae tniiior doses micht 
i.c ncasvare Too little netiiil hiionledge m at hand howeaer to jnstm 
drinina n\ loneliisions 


O/Kr.ifn. rr.afiiioif —Appaienth complete operitiae resection oi the 
tun <'r nas earned out in tv o jiatients mth ealindrom is and in 41 avith carei- 
noid ade immaN Dunng the 1^20 s and earlv lh3h s when thor.aeie surgerr n as 
h nrdoits md the malignant jmtential of the adenoma nnconfirmed hroncho- 
s/opio rcvrition lias the treatment of choice (hih one patient in this cents 
i mill nh'i'C laninoid idincma w remoaetl and the hast implanted mth 
r. doll seeds hrotiehoMopu dh in «2 was l>oth cured oi the tumor and es- 
< iii'd dMal hull, dam ice In three others the local remoaal ol tumors was 
PP nnth comphtc hut suhspejnciit lohcetomics were iiecessarc hccaase oi 
ilinnii puhm.nnra mjisis Triiisihoraeii procedures at first were limned to 
lln drannti ot empaemas or lime ahseosscs hut cradualla loheetoma and 
jnu nnioneritcna arera' intnvhu'ed lor the treatment ot nneomrolhahlc infection 
or 111 no Th I'.f lollovinc the first luie ha loheetoma m 1*131 the elirect 
iptnoaih to till pnihlom hee nne im reasincla po])nlar I'ronehoseopic resec¬ 
tion h c _ra htalla relicilid to the treatment oi the had-nsh patient 

•sii.i i I'M, (,|,]\ pTjKju ,,f 7(1 r, )ioor risk for ana 

o'], “ t' ]»e ol siiTL* ra has hi < a so treated 

Tin < lit of ih, tisniion must he diterminid in cadi instance at the 
till o, ojiratioii Inthtssirus the rounded noiiina asn o tntnro of the tarci 
1 id di 1 o n I ind till lick of ohaions imtastasis i m all hut two rases) aaore 
diiidin. i-’iio^s Jjj „[ (]„ pitiotUx wath lainph nodi inaolaement tlie 
i< i.h 0 n \ s ii>o_)ii/,,t \ opened and adcijuate re-eitions 

a\• • thi ri tori p( rio’-tiiid 


^ \ll ot til 1 an uioid adi tioiins ui this sirus Inae hi eu teihnioalla oper 
' ' "" ''hnilromis Im-uisi of the e\tint of the truhial in 

" " " ' *"•” niiioaid oni aa is t,\ p irii d traiheal re 

s.> mu mlth. oM.-l.c , pm 

I >L 7 V tio pnM.duris sihcniu,, ilia I„ the < an mold 

in th. hn hromiud m. md 2'* m tin ncht hut 
1.1 m. t, u.v I ),-,„m,.d o), il„ Ion ml onh tm. on ilm ncht 
’ ’"’'"hus ai IS pir.nlla n sjs.nsil.l, this dm 

‘ \ 'h'M to th. hmir. Umn m the Int 

' I-' da r. .|i I-, I r. mocil Imth lohi s \ snjijlar sOn 

.... 

' ' 'Os ris, m th ncht innn, idnt. 


' , a 
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1)1 oiichus •» ei e ti eatecl similai Iy Thei e yy ei e 11 of these bilobectoinies A\ hen 
theY aie added to the right pneiimonectoinies, the tota] equals the miialnr of 
left pneumoneetomies It is inteiesliiig to see Iioyy fiequeiith perninncnt 
changes m lung tissue associated YYith the tumois necessitated icseetioii of 
lung tissue Complete oi paitial destiuction of tYYo lobes fioni pieiaous m 
fectious processes led to seY'en pneumoneetomies and nine bilobeetomics 


0^ 00 

16 PNEUMONECTOMIES /£ BI-LOBECTOMIES 



14 LOBECTOMIES 



2 SagmeMalBssedlons 


/ TRACHIECTOMY 


t BPONCHOTOMr 


I I 

IBRONCHOSCOPIC REMOVAL 

dTi m 


Fie 1—Scliematic rtrnwlne filiowlne tlie areas of resection for tuo c>llnc]romns iono 
tracliectoni) and one b\ rleht pneunionectomj ) and for 4 5 carcinoid adcnonins 


Technical difficulties caused Iiy the size of the tiimoi oi its pioMiiiitY io tl'C 
inteilobni bifut cation piCYented pi esei y atioii oi a noimal lobe in all of die 
lemaninig cases, in only one ease, that of a light pnenmonecloniY, Y\as Ibeff 
noimal lung tissue in all of the lolies The long delaYS fiom the onset of sYinp 
toms to the time of e\liipatiYe siiigei'j yycic piobabh^ direeth icsponsilile 
foi the necessitr of saciificing so much tissue in so maiiY instances 

Intel estingh enough tYYO of the pneumonectomies yy^cic staged dad' 
liaticnts Y\eie fii'st treated hr left Ioyyci lobectomies fusing the toiiiniqn(t 
technique) because of scycic pulmonaiY supiniiation Tbe tumois yycic ii"t 
included in the specimens A Ycai latei (]fl3G) tlic lemaiiiing lobe and the 
idenomn YYCie lesected fm one patient because of continued infection 
gioYYth YYas in the main bionehus and the man died postoperatn eh Pificen 
Ycais l.itci the remaining lobe and tiinini lYore remoY ed fiom the other P** 
tieiit because of henioptYsis Tlie tumoi YYas in the stump of the loYver lobe 
bronchus this iiatient is alne and free of disease at piesent Xeitlier ha 
metastases 
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OI Th\CHF\ \Nr) imoNCIR'^ 

In one instnnoc v.hm tlic -idenoma la^ partialh in lioth the uppei ami 
mi(hlle Inl.cs ami the fissure hetweon a\as incomplete e\cision ot both lobes 
V IS < irnul out ‘'inf'le lobectomies were pci formed in 34 instances, in onli 
tu<. 01 \ huh did (uhnicnl lensons demand remoial of so much tissue in 
tin otlurs it u IS m,< uisi of iireieisible pitholopie changes in the lung Re- 
ui,tl\ b(i nisi p ituiits h i\c luen releired much e iiliei in the tniiise of then 
illiu'-Ms It has bcni possible to tient two patients ba resecting the basal seg- 
iiii Ills i>l a lower loin iml one In a partial lesectum of the left mam bronchus 
\oni hid ihtcitable hmph node mclistases nor am pcimanent damage in 
tin ir biiiL tissue 

Tin pos1o])rralne emu sc of these patients t\prcsscd in both comphcatious 
iiid ojuritiie inortalilc leflects the piogiess ol tlioiaeic snigeii Tlu fiiM 
its,,tioii a imhl lower ind middle loboctonn w.is performed In Dr Edwaid 
l» ( Imidiill in 1031 The p iticnt recoaered and is Ining and well oioi 
tuinti two \( irs I del Dunng the 1030 s sepsis was a considciable pi oblem 
lilt oiilx two o|ieiatne deaths, both nftci lohectomies and both fiom sepsis 
omuiid dnniiL' tins era the last in lOdfi f omplications diminished i ipidh 
iftii the nlxint ot the antiluoties and since 304') hn\e been of onh minoi 
lonsiiunnie In om wholi giovni 43 ti.nisthoi iiu losections h.ne hieii ctn 
nid out with an opiritixe molt ilitx oftwoiasis oi 4')t)ci tent 


Rest, I Ts 


No stud\ ol ilip pfTttls ot tumois upon then human hosts can he of \ duo 
unless (In It \Mt Instologx oi the eiowths consistcntU follows a ])\ltein ac- 
ct pi ihlt to p ithohigists and the follow up of the p iticnts is both long and 
ibsiilult 1\ tonijihtt lilt nldition of tumors of ilubious 01 uiii elated histologx 
ifid lilt hiss oi I su\c.lt < \s( to folb»w up t 111 inx ihtlate the statistnal coin hi 
sioti ol I siiiaU stilts 3\ ( lit jucstnlmir the ic fore, i ftdlow up on all )) i 
to Ills wlitt hnt luttriil the hospital between lOOS uid 1034 with careiiioid 
Old ('.Imdimd lutiiors Dn rt suits line been ind\/til foi Ihc giouj) is i 
whidi fn) ihiisi x\)io haxt ibtil, foi the untre ited jmtieids and for those who 
umbiMtiii ihlmilnt surn rv 


• lul 111 ill iMlnnts will! )nil , ircinoid i<li nomas 41 are In mg 1 or 43 
p tin Ills lilt lb inn sis was mink long enough mo (hi lore lOJO) tint (hex 
1 "iild bixi iixfd it I It li isi -^pais siibsi (pn nllx Thirtx three, oi 71 t 
I'll 11 Ill haxi snrxixitl im m more xtars iriesjiei ini ol xx lietlier or not thex 
ftiixid III tlnrun Of (J,,i j, dipnts with ixlunlioid tumors Ihrct 

X .1. tbiLintsi.l Ion. tm.iml. mi m puiml t fixr xi ir surxixal iH of them 
bx.tl 1 1. IS tint h-m. irr.sjK.iixo „f tre itimnt two are noxx due In sur 
' ''''' ""iioMiijin iHv jiroxiil broiii Iiogi mi canmoiua regard 


. t .1 . , ' • ... i M u«irii 

' "h'lh.r tin pitnnts rit.n.d tinr.px o, not we found thd a eon, 
i-n V'li tilmn oi.lx a.,, „r.,,,„r,.nt sunned fni x. „ s 

" u s t I, stnxix .] pij,,. liroin liiueemc i in lunina ind i nrn 

1 ' • 1 ■ > 1 . ].i. ,1.,1 

I't ' 1|'S O 


’tN i 


" . bd.I. ,n ,ns o, d.t.-mmiim win tin r the malign mt 

tl. n do., 1 , lU.m Ol IX tumor m warraimd k bx studx 
th lor the pMunts vln. hixc In.n afiVtcl u.th the dis 
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ease (Table IT), fifteen patients m this senes nho had caieiiioid adciiomis 
]ia-\e died, ten neie autopsied The causes of death in the fi\e who were imt 
examined post inoitein aie as follows One patient, whose tumor was not 
lesccted died of pneumonia at the age of 72 Anothei, a loung woniiin of 
di died at home of hemonhage a few dajs aftei a bionchial biopsi Three 
otheis died at four, tom and seien jeais, lespectneh, aftei lolioctomies 
none of the thiee had had lecogni/able Ijnnph node imohement at opeiatum 
The eanses of death among them w'eie ceiebial hemonhage in a man of Cli 
aitenoscleiotic gangieiie of the leg and diabetes in a man of 81 and lardne 
failuie secondary to aitenoscleiotic heait disease in a man of 61 TliP'-t jw 
tients had been folloired in oui clinic as w'ell as being caied foi In their nan 
doctois No eluiical endenee of inetastases was e\ei established imt tlie 
pusence of lesidual disease cannot be eonipleteh excluded 

CARCINOID ADENOMAS 
Diaanosed before 1949 

45 Coses Followed to 1954 

33 Living (733%) 




15 Living (4!%) 


BRONCHOGENIC CARCINOMA 
Diagnosed before 1946 
Followed Into 1950 

Flp S—Comparuthc n\e\enr puriUnl rates for patients with bronchosenic carclnoiit'' 
and carcinoid adenoma All cases treated and untreated are Included isono of the deaths 
In the ndonoma ^rroup came from the tumors thcniseUes 


Of the ten patients uiion wliom autojisies weie jicifoimcd (Taiile II) <'ii)i 
out showed nn\ etidence of metastatic disease This man, whose tuinoi had 
lieen remoied locilh In' bionchoscopj two veais preiioush and who had 
ilso lecened a shoit com sc of roentgen theiapi died of imeumoniii At post 
nioilem examination six teal's <iftei the diagnosis had been established tluu 
was no niKiostopit etidente of lesuhial bionchial disease, Inif tlieie was n 
single metastasis in an adjacent hmjih node roiu patients who had h("i 
tic.ited lit inilmonait lesection wcie autopsied two had died postojiciitncl' 
*\nollici died of an adienal carcinoma two teais aftei losecfion of the hmH 
and three teais aflci the establishment of pulmonnrt diagnosis The fourth 
dictl of a seiirhous caiciiioma of the stomach two tears after lohectoiin 

Tlie ctlindiomas lit contiast, although •'lowei in detclopmeid and le‘=‘' 
lethal immediateh than bronchogenic caifinom.is wcic fai more malipnaid 
m beliitior than the (.iKiiioid adenomas Ttto patnnts witli (tlmdroiiiis 
dird and were autopsied In one death was due to asjiht xia desiute the m 
scifion of a nictnl airwav to icliete the ohstnicfion caused ht timmi wliul' 
had extended the length of the trachc.i and had int adod snrronndmg stria 
lures The other who hid hid a imciimonei lomt o\ei Ihiifeen tears jirC'i 
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oush for 1 tu.nw insini' in Hn^ nulU intcnucdiatc brnuchus rciuainea asmip- 
toimni i.ostnpcntnch until n fci\ months piior to re ciitn He Mas then 
rt (xplornl mill Hu hope o£ rcscetmc a local icturrence whitli had pntmlh 
cududc.l hl^ h ft iinin hromhus \\ idispic.id local metast ises rcndetecl cvtii- 
piliiiii of tlu tumol jmpossilik At lutopsi a few dais Intel CMdence oi e\- 
lciisj\( niurinue in the im dust mum was confirmed No dislnnl mctastases 
\ur( found 111 this iiaticnt or in the other one 
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siiriiial Ilf I ntriiildl /Vilirnls—One of tin' most nsifiil a irdsfuks in 
iiK isiiMim Hu ill dll’ll UK \ ot hoth tlu (vlindroina md tlu uvrumnd adenomi 
lias In . n th, jimliMs of uli u Pus ImppuKnl to tin nntreati d !> Uiints (Table 111) 
Hnitiiu lulunts r<Miud nllui no tnatnunt oi iidhitue 1hern]n in the 
t-nu oi r. p. it.d lnin.sbromhos,„,m usc.tions of the piotnidiiiK intrnbron 
' lid Uimor III is^ s or vimdl d<iMs ot irridmtioii Two of tin sc ])nticiits hid 
r \ biidr.nM IS (ii til, tritlu , „nf ilicd shoitI\ u'lcr an nttunpt to restore lui 
uMiA bx tlu ins.rtion ..i , i„„i. „„,,j 
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cntlr no Moise moie thnn fiie leais aftei biopsi Among the patients with 
caicinoid adenomas, theie Aieie tA\o Aihose giowths were found unsuspeetwl 
at autop‘<v and thiee aiLo aie noAi Jmng at six months, tluitcen Aear<; and 
fifteen Aeais, lespectnelv aftei diagnosis hj' bionchoscoinc biopsv There 
maimng six tune died but sunned foi an aAeiage peiiod of 41 a can after 
diagnosis One liad a iMiipli node metastasis (Table IT) 

Rcsulh of DepmUic Siagay —Defmitne siugeiT ui this papei lefers to 
tlie complete lescctioii of the tiimoi and of any secondanlr damaged pul 
monaiA" tissue Aiheu piesent 

The extiipation of the cA’hndioma is both difficult and disappointing 
Two of oui patients had inopeiable gioAAths One sniAned a paitial tinehenl 
lesection fiie Aeais ago (tA\o Aeais aftei an attempt at local leniOAal of fiie 
gioAidh) and is alne and well seven ACai-s aftei diagnosis The otliei ictunied 
to the liospitaJ thnteen a ears aftei what appealed to be a complete cxtnpitmn 
of his tiimoi IiA imeumonectoiuA because of a Aiidespiead mediastinal remr 
rence, of Aihich he died 

Foi the caicinoid adenomas the pictuie is difteient Theie Aicre no ni 
opeiable cases Of the 43 patients A\ho left the hospital alne aftei lesectioiis 
of then gioAAths 3S aie Ining and aacII Two of these patients had met ntuses 
at operation, tA\o out of file lAinph nodes contained luctastases in one ])ntient 
one out of sixteen in the othei Both patients aie alne and well one seieii 
teen Aeais aftei opeiation the othei seAcn Aeais aftei TIica haic been foi 
loAAed closeh, both elimcallA' and loentgcnogiaphieallv (An analASis of the 
deaths has been giA eii in Table IT ) 

Foul patients had local lesections, one thiough the bioiichoseope, one hi 
paitial bronchial excision and tA\o bA’’ segmental lesections Thei aic ihie 
and w ell tw entA-one foui foui and thiee a cais lespccfnch aftei ojici itioii 

Foi 19 patients Aiith caicinoid adenomns, at least a Acai passed between 
diagnosis and lesection Nine Aicie opeiated upon befoie tAio a cm's had e\ 
plied, one befoie thiee and one befoie Aac Foui otheis delaAed at least si\ 
veal's and one seicn Aeais, befoie coming to suigeiA The leinaining Ihrei 
patients put ofl lesection foi cleACii fouilccii and tw entA-one a cm's, lespee 
tiAoh Among the 38 Imng patients theie has not been a single deiiinnstrihli 
met istasis nor an inopeiable tuinoi, noi ha\c auA died of then disease The 
length of sill AUA al after dehnitne suiffoiA as well ns fiom the time of di ignosis 
IS sliowai HI Fig 0 Theie was a acia significant incieasc in the nunibei of pi 
tieiits who liaAO had the oppoi-tunitA to Iiac fiie leai-s if the time of dingiio>n 
latlier thnn that of resection was selected foi tin eakulntion of sunnal stilis 
tics Yet as contradistinet to the adACi'sc manner in whieli prolonged dclais he 
tAicen diagnosis and resection might afieet the cAcntual outcome of patients 
with bioiKliogcnic carcinonia such delaas among pei-sons afflietcd with eirci 
noid adciioni is liaAO caused no niitciinl change in tlie peicentage of siirMAnb 
The number of the ])aficnts who might iiiiAc sumAcd o 10 IT 20, oi 21 Aear< 
line been shown it the toji ot this gi iph based on the time of diagnosis ami 
of resccfion The actual niimbei of suiiiAors was consistcnth aboie 86 pf’’ 
cent for all periods and both groups The numbei of patients upon aaIioiu the 
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M a.stK^ u.re ol.ulalc.l is too small to be ol much aalue af er fifteen 
, r»m the time oi .IngnoMs or alter ten a ears from the tune of resection De¬ 
spite the small number of eases reportea. the results are so consistent and 
Mslh a.lTertm irom those usualh rceoided foi highlv malignant neoplasms 
,s to hail eonsnU.eble smnifi. nice in charactennng the bchamor of the car- 
<moi(l adenoma 


no OF PATIENTS UPON WHOM STATISTICS ARE CALCULATED 



Hi s—siir%i\ ii rut ( ir 13 i itl«nt'< nsslvlnc inanltlM. fursm for c-ircinolj tidunonins 
f ! 1 -wins II tii'iltil iilh In (In ro« at llie top of tlic sraph 1« Hftisl tin' number of 

l ill lit \\U r ml 1 UIV vurvlvi 1 li i* <1 on Ua tim of illiuno'l' In tlir lovvfr the number 
I I 1 I n tin I f < i« mh n 


< <)\( I 1 ^lONS 


III reMiwiim mir sm ill tspeiume with the tilimlioma, wo line found 
tliii iln liistohicK piUtrn of the tumor chaiaeten/ed b^ amjile cMdence of 
tiult'is nid iii\ t-sni (itiihius his betn letlected in its subseijucnt behaiioi 
ft IS oiit n sii (NtdisMc IS to lit moiier ililt it tends to recui and mu have 
ibsiini IS mil Is loi ^l iiu list ISOs The e\j>tiitnce ol others his bitn sniii 
1 ir Mtlioiieh (.rottnm more slmvlv iiid mot ist isi/mg less iriiiuenth than 
till < piili nnoid I in moiin its ifTtit on the i>i1ient is ultmmtelv tUadlv in a 
hith prop >rtion of i nsi s H p* imms to he jiroved v\ bet her intciisue radiation 
V ill la lolpiiil III (ontrollmt: tin i v lindroma ( trliinh we t innot sa\ th it 
tadii il stirui rv will tnri it or that ]• till itive nu isures irt iin omiMtihle witli 

! i< h'li^i ,1 h'l 


fin 1 ir> mold idmoiji h s dv ,vs heui t thiripditn piohlcm hot insc 
hisiolo^ie Ih It disj.l i\s timinst ihahh tvnbiiM oi i miliLit ml [lotcnlial Imt 
I ! u.s I litu dl\ m 1 1 iirh mnonions f isiimn Our own (xiHritme has 

his ) indox M.imt hill Ol til, tumors 

, ' K "hill inv isiv, .piilitHs s,,^ (ont lined 

‘ as'r 'h '"ti‘0 tHur.s -m.l ...,i ^ 
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node inetastases Y\eie lesected has shoYsn eMdence of lecuucncc f\ontIif 
metastasis found at autopsY uas sin§rle and Mould liaYO been suigicnlh rt 
sectablc Theie lia\e been no distant inetastases and none oi oiii patients Ins 
died of his disease despite some inolonged dclnes ni theiapY IVIost of Dm 
opeiatne piocediues emploAod foi lesection of the neoplasms neie as limiteil 
as the anatonn oi degiee of pulmonan infettiun Mould peinut 

In thoiacie suigei\ the piesei\ation of noimal lung tissue is a p’lnnn 
eonsideiation Kescetions mIiicIi Mill piodutc evcelleiit suiiiial latcs and still 
conseme the patient’s pulmonaiY ieset\e aie ideal Evpeiieiiee Mitli looil u 
sections IS limited but eiicouiaging^ Thomas' lepoifed onh one rctiiiicnK 
attei tom local bioncliial leseetions and it Mas leseetable bs pneunioncctoiin 
^e^cInl points aie ot imjioitance Mhen eveisions Ijy opeiatioiis less esfensm 
than a pneumoneetonn aic consideied Fust diagnosis should he eniii In 
means of loentgeiiogiams tolloMed Iiy hionchoscopic hiojisY il possible The 
fact that 11 out of oiu ib tumois oiiginated in the secondan hionchi means 
that Mhen encounteicd eaii\ in the ihsease fcMCi tmuois Mill he ohscii.ihlt 
endoseopicalh The micioseoiuc diagnosis Mhethei established ineopeiatneh 
01 Mhen the chest is opened must be nnequnocalh that of caicmoid adenoma 
Local escision ol tumois not in thus cioup oi of those containing tissue sin 
liccted ot being InoiiehiogciiH eatcinoma inaY be uiiMise The tuinoi must la 
giossh ciiciimseiihed and iioiiiiaasne in ajipeaianee Xo gioss eMdence ol 
hnnph node metastasis should he piesent The legional nodes should be n 
moYed foi mieiosoopic stuch No aion of iiieYeisible piiliiioiiaiY damage 
secondaiY to the lumoi should lie left behind I'linllY the patient should be 
folloYYcd at fiequent inteiYals so that, if leomienee aiipeai’s fuithei siirgci' 
iiinY be undeitakon Miuy of the instances ot metastasi/ing adenomas le 
polled in the litei ituie Yieie nctiialh CYlindiumas oi tumois ol an e\eu niou 
malignant uatuie The fact tint the eaicinoid ulenoma c in nnade oi luetiistii 
S17C liY the same loutes as Ibc Inonchogenic eaicmoma is ot less miiioitanee tlnn 
the fact that it laich docs so and theiefoie cm nsnalh lie contiolled In sui 
gerv 

REtERFNCES 

1 JIolleY.S Y\ Bromliinl Addiomnc YIil Surgeon 99 j_*s 534 1946 
g Clsrk P L 111 Cligctt, O T , and YlniDonuliI T K C\Iindroinns of ttic Tmtlua 

StnfT Meet Moyo Clm 28 YIlolo ]9ol 

3 BcI'cy R H R and Bnlcntint T C Uy lindroinalou'- Mui ou*; gland Tumour'of Tm Ia”i 

and Bronchi Report of Three Cii'C' t I’litli & Bact 63 377 387, 1951 

4 D’Abreu, A I , and MncIHR s 1 Broneliiil ‘ \di noma Trenlid I)y Imral Ri t'tmn 

and Re< onstruetion of I^ft Main Bronehii' Bnt T Surg 39 355 357 195i 

5 Crnfoord C lli'cu'cioii of The Malignant Anture of the Vdenonm” 1)' ^ Gnhha'm 

and ‘ Vdenonm of the Broiiihii' I>y C B Rnlun and 11 Xeiihof T Tlioi \rie ''lie 

18 159 n,n 1949 

(> Thoma' C P Benign Tumor'of ihi Lung Imin c I 1 1 s 1954 

nis( 1 ■"'ION 

DR Clll-V \II 1 -K I T \< KSOX Phil idelplii 1 P1 — I ipnt, igi,e ymIIi one of IR 
''mitlir' lillir 'li(enniit“ rigardiiig ihi iiiiportiiiK< of hi'iologn dmgaio'i' lusniM I f''! 
tint till I ni\ ol 111 I onfii'ion 1'in tin hi'tologu dtngiio'ic of hroiiehial liimoro 

V “« ri< ' of our < I'l ' It Tinqile IniYir'itY Ilo'pitnl Y«i' r< portnl nt ‘'in Irami'ro m 
mo and puhli'hed in Di^niyi of Ho t hf't in 1951 \\ i hnil 40 laeO' it that Onn 0 . of 
the 1 ireinoid and four of the cy lindroiii i Iyjh Xoyv yyc hiYe 14 more t I'O' all lurnnoil 
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, t.tutiiic ') 1-r r'-ni of the lir.m.Iml tumors ‘-..n in our ('linn (oon odd =inc(' ^i\ 

. f tl. -c I'-it ( il' 111-' tno of til. m, iritli tin rslm.Uoma di<?d of axphvxia Tliet 

, . ,nnj-ToU in tlu Ix-mnninc (Ii. n w is no mi't ike in choice of tlienpv Too pO't 
ritii. -Ic-itlM n.r. pHienf* not op. ntcl on it Teiiipli Lnivorsitv no^pitnl One died 
iit'o'ii .'.n Immc n l.iop-t , tin pitienl n~it iii for di icno^ie nnd had oiio nspinfion Imt 
!i. 1 (f •■111' vpient Ik niorrlnefc ]ti iitno'-i' vis mnl. \t nitop'-v One patient nitli the ear 
iii'i' t\)-( diet of vir. inonia of the modi I'tinnm and O'Oplmeu'! hut the medin=timl nieta'ta 
,.r. Ir-ihU «a- due to iin t ista'ic from u hr. ast ear.mom i rather than from the hronchinl tu 
iiK.r uhi''h h id In '•n pro ent for more thintiiinti X( ir** \\(• In lieve that one ‘-houhl individual 
,, ||, r 1 111 .. litfinf: tr. ifnii lit, ind tint .vplontiou and r.^'ia tion ‘•lioiild not W auto 

11 ill O'- in tin ra n of earcinoni i Ihit m. li iv. . onie to fe. I th it ilioiit half the o I'^e- or more 

lin d 1 1 1 1 1. d } or in pain lit*- x\ho it. „. ttin*, tloni, ii.ll i noiioli hut are sli)) not fre. 

of il ilii.ut ln\ adxta 1 r..tint Dr Hiirintt ind Dr ]{o=emond li ive done a mini 
t-r of r lion- (IoIh*. toiun ■( ind pin iimoma tomi. ^i iiith no operatixe niort iliti M. hii.' 

a ro OK t: 1 I . in otir ■'» rie^ Viit w. .hi not a^ne tint onl\ tl e ‘ M.ad riaha ^ nrc sivitahU 

f. r I roll ho opi T. . torn Ih. vn^. w. hit. i niinilK r of ei'-.'* in our follnii up noir nlireh 

I III I-in tr. it* 1 i-ii'' *''«ftillt lit hroucho''. ojo. r.'fa lion iloii. 

Dl 1 It II\1 1) II OthhlKlDT llo-ton Mi--\\. tiill ill uip-f t)i it uhniittr l 

<1 1 1 . tplor 1 for nioiili'tn <li < lu th. 'iir_. on lioj..-' for the iikc of the patient that 

tl ( ird Hill not la hi folo,.nulK Ma.hed apainat him Dr ‘'outl. r, in his v. rt infhi'ite and 

'■ 1 p! t r ( irl of tin evjKrntn. nt tfa^'leliii'ells Gine-il Ho-pitnl, eertainlt «ho\ts ilmt thi= 
I II <titii.lt iliffiriiit ttjH of tumor from the < oinnion hronehiopenn carcinoma \ numlair 

of rl\ r. 1 irta on . iit. r it. - m car. inonu undoiihledlt included «omc of the'C cast' and itc 

1 r n'ldlt of inrhilin" some in out e irlt reports In f id, In fore the niivtinfr of tins Vs 
' 1 itn 1 t 1 . till t. ar (_<, m Boston I presented ttto e i . ' treated ht pneumnnfsetonn, think 
III,, il 1 H r I ir iiiotiiis later Dr '■Iin I.K Warren r.tieited the hietolofrn etidence nnd re 
’ th' (no ."irh cm. i. ad. iioiii i Our evpen. nee slioiis that of the lot il nunila r 
.f ; iiu ir\ n .plisti mnnir, (,( die tunc approMinatelt 4 jier cent hive laen adenomns 

Diiruv the [a riisl I'd] iii Bi'P' tt. tiate tnated "it cu'fs of hronchial a.Ietionia Of 

I t pitnM' ir till Inin., ind 4 ar. .te id Th.ro tt. re d operative deaths nnd J late 
' tt -'III (f III las an dl'. 1 all.' on. of e iremonia of the Ida.lder Two eases tttr. 

'r.at t t\ I a I n tm l it 'ttnpl > iinicleiiion of the peripheral le ton Jo lolaatniut, 

1 .0 1 t j 111,,' 

^ c I , 111! hire. St nail thin th. smdh't idi nonu w. Imte eu 

' 'n Mill „r.s that m tlii' tit t i m it ttoiild Ik* i Iittli ditticull 
’’ ' tu',' Ml small j'ortinn proji'ctmp tvithin the 

' t i' ] Il 1 ipd ,1 , f tiiiimr 11 IS ja tihrnnchi vl as most of tin m in 

^1^ ' 1 ' ^'' "‘te 11 S Itohnc' of Ii isal si^imntnl atehstasi- 

'' 'has ..tiKiital T> t tun or lolcN lotiit On hrom ho enpt i hiulih 
' > ar to r f ir t 4 t was iiotsm ta take tiroiicho- opic lnoji't 

1 ! 1 t) 1 r 111 a to 1 1 r a ) „.oiat a, f.iua 1 i small nimnr nlin'i t intirdt within th* 

, , ' ' ' ‘ " "*■ ''•■'n m> pinni 

^ rl t 1 (V’ tl I \ ) mn u >'• ihlt 
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cpjcodo of fercr and atelectasis, and bronchoscop'v at that time showed that part of the ovfer 
had dropped down into the right mam bronchus and obstructed it After removal of the e< 
char the patient did well Now, six months after freatmont started, a bioi)‘i\ taken at tin 
site of the original tumor is negatne for adenoma 

This patient Ins had numerous studies including tomography in order to rule out anv 
evidence of extratrachoal or extrabronchial neoplasm, and so far there has been no evnlcnee nf 
it The question I would like to raise at this time is whether this is the proper treatment fnr 
this tape of ca^e 


DR ALFRED GOLDJIAN, Beverh Hills, Calif—Dr Soutter was Kind enough to uun 
tion a case which we had reported of bronchial adenomas \nth intraluminal invn'ion of i 
pulmonnn vein, and I wish to report the follow up on another cn«e (K. F, S 362 4S) ' 

Tins was a woman in her thirty’s, with a “mixed tumor” tv pc of bronchinl lulenoma' 
whuh required resection of the right lower and middle lobes ^^o had no evnlcnee of mctn« 
tnsiB at the time the case was reported, and the operation was done Tan 26, 164S Last Mtirch 
five vears postopcrativclv, the patient returned with a markedlv enlarged liver, although tin 
lungs were clear An abdominal exploration was done and metastatic disease of the liver ww 
found Biopsies of the liver were consistent wath the original bronchinl tumor The«c follow 
up findings are of interest because the pathologist’s examination of the original tumor ilis 
closed a marked degree of local invasion and contiguous infiltration through the hronrlnnl 
wall, to a bronchinl Ivanph node, and to the w-all of tho inferior pulmonary vein 

This case demonstrates again the potential malignancy in bronchial adenomas for ilu 
tant motastnses and the necessity for observing adenomas with local invasion for didant 
metastnscs, aspecinllv in the liver, after five years or more ■Vs Dr Soiitter said, this up 
parcntly does not happen in the carcinoid vnnetv ns it did in this one with a histologic dug 
nosig of “mixed tumor” of the adenoid cystic tvpe 


DR OSLER ABBOTT, Emorv Universitv, Ga—I wish to discuss hricflv c\l>cricnec with 
thno carcinoid adenomas arising on the carinn Each of the three was treated bv a ditTcrcnt 
method The first was in a voung child with known obstructive svmptoms for four vevrs A 
peduiRuIated adenoma was excised bronclioscopically in 1047, and she is now without cvi 
demo of recurrence The second was an extensive adenoma iiivohiiig flic right upper InliC 
bronchus going across to tho enrinn It was treated in 1947 bv total right pncuiuoncctnm', 
removal of tho tracheal wall and the contralateral medial wall of tho loft mam stem hroncliu“ 
and reconstruction bv plastic closure That patient lived for four vears and died from ex 
tensive niotnsfatic disease of tho liver The third patient had n locnlirod process involviu,^ 
flu carina and adjacent loft mam stem bronchus This ndenoma was resected and repair 
bv derm il graft Tins exemplifies three ditTcrcnt methods of Iiandling carmnl carcinoma an 
preventing death from suffocation Extensive reconstruction can be eiirried out with mtiru 
nlh, firmlv supported dermnl graft to maintain the support prcviouslv provided bv the carti 
higmous vlcmvnts m the carina 


DR LAJtVE SOUTTER (Closing) —In answer to Dr Sclej’s question, fulguratinn Im* 
liecn useful in dcstrovmg the Imse of tumors that have beta pnrtinllv reniowd brnnclio 
scopicnllv when thev had no extmbronchml extension Occasional compliLatioiis, inHudiii- 
fatal hemorrhages have occuried from this treatment 

In repiv to Dr Jackson, it seems to me flint ns long ns we know thnt n large nuiidicr 
of these tumors go through the wall of the bronchus, it is wi«cr to do n bronchotoniv in i> 
good nsK piticiit nnd excise the waill, than attempt to excise it transbronclio*copica11\ Thrc* 
of our p.tients, whose tumors Imd nppircnfh been coraplctelv removed broncho«copicalh, I'''' 
such a sivere degree of scp«is in their lungs following treatment thnt tlicv needed tran 
thorn ic resection. I am not, thoriforc, verv optimistic about that tvpe of treatment 

I am pleased to see tint Dr Ovcrholt has done «ome hroncliotomics for carciiionl adc 
noma, because I feel that there is n place, although a limited one, for such operations 
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1*\1 n \T1U\ ()1 F> 0 ?II \(.L\L OB^TUICTIOK Dl i: TO CARelNOAlA 
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R l ''I ( TIo\ ni thf ool'IiT-nis I'. ftnMhlt onl\ iii niiproMniatch onc-thml 
<ii t!i( I I'-r^ HI ( irinmini oi tlit'. <>r!.an Tlit rile of iinre^Cftal'ihl\ ri'^e^ 

1 111 ill. ,n imniii luu'hi ot the legion huan^e oi nnohmient of eontitruoii< 
\)til v,ni' un' jiriiinril\ the hnuului'' ami lh< aortic arrli Extirpation of 
iF iliM 1- (1 >->^111(111 tlni' i*. impO'-'ihle fre<|iienth e'lii lor tlu '^ole jnirj'ose ot 
P Hi ilioii 111 oliNtnntioii Miihmit tin expeitiiion oi (lire The ei^ojilnoni: par- 
tnnlirK in the upper reitioii doi •• not lend it'-ih riadih to idiortHir(_uitinct 
pniii-iiuri- to h\ ]ii'- llie ohstruited ‘-iie i'. dot*^ tin lower aliment ir\ tract 
\ _ vln ' oiin or a j‘juno^lonn i'- tin n'lial iltematue to (Uath In -tanation 
I n'lr pro'i-'lnri ha^C' nun h to Ik? (haired trom the -'tandiKniit of incehanual 
inintion n' will i-, o^llntl( ipiied (t I'-tro-'lonn or jejnnostoiin inorvanei 
diH ^ II,H ifiiit tlir- dl^^rl•N'nn_ '.\mjitoin ot mIu irv oierilow re-'iiltim: fiann 
ih .(i.itMii \ iImih hnaiion to piriomi dtlur ]>routlurt )>' inrthercd In it^ 
1 Mid ini iiinrtahu riA whnh is not iinoiistderahle An aternte oi opentne 
in ittahu r'ti> lor p‘'lli'ti\( _isirostont\ i \(s e< 1 s 4 'i 0 jnr iiiit - "islro' 
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a bciutin\ of the lepoited figuies does not pemit an interpretation ntconlm!: 
to the Joeafioii of the Jesioii, it seems ceitain that the late ot icscetahiliti fur 
caieiiioiiia of tlie middle oi iippei portions falls fai below that foi the esopliaeih 
as a whole 

T\blf I Remew of Eowf Resllts op RESEmoN fof Cvfcinomv of Esonuris 



NLALBEl OP 

eVSES 

nESECTV 

BILIT\ 

(%) 

OPETV , 
TI\F 

■\roi 

T\r iT’i 

m 

sn vnor*; 
(\n or 
\Eirs) 

5 4 3 2 1 

Siveefs 

Mid and upper 

107 

63 0 

24 3 

1 


Lower nnd cnrdin 

147 


11 0 

11 

■U u and LoucEsc 

Mid nnd upper 

172 

47 1 

27 3 

0 


Lower and cnrdia 



10 0 

2 

Gnrlock and Klein- 

Mid nnd upper 

457 (401 



0 


Lower nnd eardm 

operations) 



11 

Re'anoo 

1,000 





Author (S A At ) 





1 

Humplirecs nnd Moore” 

102 (54 resections) 



45 7 

0 1 1 

Parker et a! 

170 (30 resections) 


18 0 

Ot U 

0 1 

Puestow and Cross” 

SO (37 resections) 


40 0 

33 0 

0 i 

Stnederio 

Mid and upper 

72 


55 5 

0 


Lower and cardn 



12 0 


RuMteh ct 'll n 





n 

Meade nnd Rasmusscni” 

2S 


32 0 


0 

'lantc ot al i” 

70 


85 


0 

Cook Countv Hospital 

Mid and upper 

123 (42 

30 2 

80 7 

0 

(All services) 

Lower and cnrdin 

resections) 


Oil 7 

0 1 

(1951 and 1932! 







Ri-sectablllU a%erase S5 0 per c< nt opcr»tf\e mortalltj a\emKe approxlnifttol' l^" 
per cent 2S fl^e ^ea^ «ur\I\orf» out of a total of o\er 2 500 case^» 


Opeiatiie Moitahfy —Repoited intes of opeiatne mortaliti inngo from a 
low of 11 6 pez cent to a high of 80 7 ])ci cent IMoitalitc latcs foi rcseetioii of 
the uppci and mid esophagus aic eoiisisteiith gieatei than tliose for the lower 
region The o\ei-all iiiortalitc latc foi the esophagus as a whole is coniini<r<1 
at appioMiiiatch 40 0 pei cent 

In MOW of the foregoing it seems nnicasonable to subject a jiaticiit to the 
Iia/aids of esophageal lescetioii except foi the piospect of eiiii AMien tl'C 
eiadication ot eaieinoniafoiis tissue cannot be aceomplished, and jiallnitioii alone 
Is the aim it would appeal logical to ehoose a simplei pimeduic instead of ri 
section and esoiihagogastiostonn 

A pinccdmc whieh would peiniit food to pass thioiigh the site of ear 
einoniatous obstiiiction would sohe the pi-oblcm of palliatnc alimentation 
Such a iiicthod was designed and has )>een used in nineteen opeiatne instance' 
o\ei a peiiod of nine months The inoccduic is performed nt the time of tho¬ 
racic exploration when if is loiiiid that the lesion cannot be cxliriiated o' 
instead ot a lescetioii and esojih igosrastiostonn to he executed iniul' for the 
purpose ot jialliation 

The method consists ot localh intiib itiii>; the esojihagiis at the site of 
neoplistic coiistiietion with a tube designed foi this ])ui|)Ose (1 nr 1) 
latter is passed into the lumen thioiiirh an incision in the noim.il esophageal 
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An cstininte of tlic (1( groc of csophngcnl constriction is obtained by pas'ing graW 
catheters Tliese are inserted into tlie lumen througli tlie eboplingotom\, and art dlr(^tc^l 
eaudnlli to tlie area of involvement If the patient still had retained the nliilitv to •nrallnir 
liquids, the obstructed site will usually nllon tlio passage of a Xo 14 Fr catheter UmhiM 
common duct dilators arc then passed to enlarge the eliannel to the greatest po'siblc anltli 
Caution must be o\( ri ised not to mistake a blind recess in the tumor mass for the true lumen 
nhen forcing through the dilating niofal tip The rublier catheter is rceniploicd to ciplore 
the channel for assurance The lumen usually can be made to accept a Xo S to No 10 
(oinmon duct dilator A Levin tube is then passed through the compromised region, in hki 
manner, and is directed into the stomach The prosthesis is threaded o^er the Levin tutc 
and, using the latter as a guide, is pressed through the stenotic segment until it' upper 
flared culT rests upon the tumor mass, which prevents its further passage (Fig 2, 4, S and C) 
The proMmal end of the Levin tube is then passed into the esophageal lumen nml h 
directed toward the mouth, where it is retrieved In the anesthetist It then nmv he dnwm 
out through the nose by means of a catlietcr 

Tlie esophagotomv incision is closed in two lovers, mucosa and museulnns, using inter 
rupted sutures of fine silk A poriesoplmgenl ligature of heavy silk is now placed at n 
level immodiatelv above the upper, flared cull of the intubating tube, which can Im |inlpileil 
throngh the esophageal wall This encircling ligature is drawn snuglv enough so tlint the 
fsophageal wall wall be indented sufficientlv to return the tube and prevent its cvpul«ion in 
the event of emesis, vet not so tight ns to obstruct the lumen (Fig 2, D) 

It IS to bo emphasized that this retaining ligature is complctclv extmesoiilmgenl and 
docs not pierce the wall It is fUt that the wall of the esophagus should not he tmnsfiied 
bv heaiv, nonabsorbable sutures to secure an artificial, intraluminal device It is hchew’il 
that the intramural portion of the suture, weighted br the anchored, indwelling contnrinfc, 
would act ns a dram and oneourngc the development of a permanent fistula 

The following details m the opemfive technique arc also referred to as factors ol 
im[iortnnce in the prevention of fistulas The site for the esophagotomv is cho«on well nhove 
the lesion The incision is thus made in mural tissue tininvaded bv carcinoma, and hence lin* 
its reparative quabties unimpaired This location also permits the prosthesis to slip down and 
awnv from the site of esophagotomv, thus nvoiduig persistent contact between the retnincil 
foreign substance and the inner surface of the healing wound Tho periesophageal ligature 
IS fived solelv to indent the esophageal wall oboic the upper rim of tho prosthesis, and doei 
not embrace the latter This vliniinates the pos«ibilitv of strnngnilation of esophageal 
between the external ligature and the unvielding tulic within 

Tho nasogastric tube is retained until the sixth postojicrnfivc dav, at which time if i‘ 
withdrawn to allow the issuniption of a seniiliquid diet Gastric suition is ninintaineil for 
till tirst twentv four hour period, following which the tube is utilized for the purpo i of 
f< ( ding 

In some instaucos, a tumor involving the upper cso|)luigus mav jirojcct into the superior 
thoncic strait, thus making it impossible to gain nenss to a normal segment alxivi the 
h Sion In such a situutioii the operative procedure is riviroid The esophagus m inci M 
hclow the region of involvement, nnd the Levin tulic is passed towaird the mouth fir»t Ihe 
jirosthcsis is then guided in the oral direction nml is pressed through the tumor Tlie cuff 
now faces m reverse of the usual direction, but the tube is previntid from slipping to 'he 
stoninih bv i periesophngi al ligiitiire pln< cd below 

CA' 5 h Rh FORTS 

Tilt' following roport ‘1 have been selected as illustiative of the eases ni wlii'Ii 
siirgienl inlnhation of the esojilngiis has been jietfoinied 

C\sE 1—L H (Xo 4), n dS v( ir old man was admitted to the Cook Coiintv Hospital 
Iiilv 20 lOF’, lomphiiniag of innbilitv to swallow solid food for six weeks, nnd of wiigh' 
lo s of 0 jioiiiid- \n csophngogrim di-i losed an ostrin ting lesion nt the nnd esophagro 
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region (Fig 1) On August 39 an csoplmgoxcopi wn' done, and a cartinonn was found Ji 
cm from tlie upper teetli A biopsi showed tins to 3>e an “infiltrating sfiunnioux-coll car 
einonia ’ Operation was performed on September i 

A. right thoracotonn was done through the lied of tlic resected si\tli rib Tin intontmn 
was that if the lesion were found to lie resectable, and there existed the ])o «ibilit\ of an 
anticipated cure, then the abdomen uould be opened and the stomach, after baling lein 
freed from its anatomic attaehments, would be passed into the right lieniilhnrax nlieri 
resection and esophagogastrostomj would be performed 



FiR 3—Case 1 4 Preopi rntl\e c"iOpIinf,ORrniii sliow ins complete obstruction °f 

opaque mixture T! KsophaROfrmm token after operatic f Intubation dcmonstratlnc pni 
of tlie esopliamis 


At operation, the caninoma wa*. found to iniohe the ooplingus at the Imil of I >' 
nrigO'- coin and to extend for n distame of ^ inches distnlli The tumor inioheil la 
(oiitiguoiis mediastinal ti-e-ues including tin lift bronchus and the vcrtebrul bodns ^ 
signient of normal appearing esoplingus proximnl to this site was expo'md after ligating a” 
dmding the aregos coin V longitudinal im ision 1 iiieli long was then made through th 

esophagtnl wall TIu inferior extreimtx of tlii« incision was u| least 1 inch above > 

pathologio zone Insertion of the plastic tube designed to remain as the perm inent pro'lh' 
was then accomplished hr the technique prcrioush dcscrilxvl The c}ie»f wn« clo«eil nftcr 
placing a inthefer for water “cal drninn„i of the plcurd cavatv 

Gastric suction was maintnincd for the first tiventv four hours after which the 1" 
was utilized for garage It wn« removed six dn\s Inter aftir winch the patient swnllowc-^ 

n. semiliquid diet without difiiciiltv The sense of wellbeing which this patient eipri 

upon Iieing able to swallow once ignin was most gratifxing 
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nppnrout obstrucdon Altliougli bo continued to snnllow a liquid diet, liis comlitinn conlinnM 
to dctenorutc und he died Mirch G, 1954 Permission for a post itiorfem examination could ml 
be obtained 

RESULTS 

Tianstlioiacic intubation of the esophagus x\itli a peiniaiiciitlx iiuhipllins: 
tulle to palliate the ohstiuctne cftects of carcnioiiid has hceii iicifoimed in ]1 
instances upon IS patients 

One patient lequnecl itiopeiatioii (Case 3) He xonntecl liis tube sixtooii 
tlaxs aftei the first niseition and shoith theieaftei heeanie almost completph 
ohstnicted He uas leadiinttcd to the hospital, and, following opeiatnc re 
placement of the tube, he i-osumed sxxallomng xnthout difficultx 

In one case nituhatioii could not he aeeoniplishcd because of lunsMte in 
xohenicut of mediastinal h-niph nodes, nhieli piecludcd ant txpc of csoplitic'cal 
dissection This ease has been excluded fioni eonsidciation 

AVliile a total of 19 oiieiatixe cases constitutes an cxtienich small soni'' 
and altliougli onh nine months haie elapsed sinee the niaugination of the jirn 
cedine, it is heliexed that a lexien of the lesults at this time is of tnhie hi 
assessing the lesuIts of suigical intubation, a compaiison max he marie xiitli tlir 
nlteinatixe palliatixe pioceduie of gastiostonn oi jeiiiiiostomx liom the stuiJ 
point of opeiatixe moitalitx and suixnal time Coiisideiation must he accorrlid 
the fact that xvhcieas the lattei constitutes a second oiieiation xntli n morlahtr 
late separate fioni that of the pieccding piimaix thoiacotonix, sui’gicnl mtiilwi 
tion combines, as it weie, exploration and palliation in a single piocetluro 

Ill the eourac of peifoiniiiig 19 tiaiisthoiaeic intubations of the csophdEH'' 
theie octmi'od 0 deaths which aic computed as oiieiatixe moitalitx (H I I’f*' 
cent) A fatalitx occuiiing xxithm thiitx dais ot tlie tune of operation is ran 
sidcied as an operatne death Two of these wiie incuiied accidciit.ilb m'd 
weie not diiccth lelatcd to the operation Upon his letuiii liom the oiiciatiii" 
loom, o\iii;cii was connected to the JjCiin tube in one case, on the imstnKrii 
assumption that the tube was foi the pinpose ol siijiiih iiig nitiaiiasal oxxgen 
The mistake was defected uiion the ajiiiearaiKe ol massix'c tissue ciniilix'-inii 
Post-moitem examination disiloscd a ruptiiiccl stom.ich The scroiirl ])iiticnt a 
TJxeaiold man, slipped and fell while .ittrm[)ting railx amhulatioii H' 
sufleied a head iiiiui’' and a liactuie of the hunicius He died thicc cln's latti 
The demise in two cases x\as due to eaidioxasciilai failuic In one heirt 

block and iailiiic occuned twrntx tour liouis following suigeix In the odicr 

death orcuiied nine d.ns aftei intuliation A pienous abdominal cxplorition 
disclosed an unicsectable ciicinoina of the stomach witli iinssnc iiuohomeat 
of the caidn contiguous tissues, and the distal end of the csojihagiis Tlmn 
(otonn wTth intubation was peifoinied ten daxs following the lajniiotoni' H 
cause of comiilete obstiuction Although this x\is conijilefeh jialbatcd he did 
suddcnlx while sitting at his bedside A jiost-inoitern examination gi'c no (ha 
as to the cause of death The sui'gical site was clean and the csopliaiuis w i- 
intact Death was attributed to sudden eaidiox iscular failure The patient wa' 
79 jears of age 
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Tl.o nnniniiic tuo inlipnl*! , 1 ich 1 M>cn 1 con aiul ninctePii rospcctivoh 
iii.rv'’n;.n \llhmmli ihnu.ilU mpH ami >Mtlimit po'^opcratuc coraplic'itioni 
llt( in. imlnliitu.il m an ilnimlaiU liquu! mtl wmihquul ilict (lid not stem a 
■_ndinl 1.111 .;t<adi dnliiu in wciuht and streiictli It m prol.alilc that tlie 
...iiKtitiitioinl efTeit^ ot the (arciiionia Ind proirnsved to the eritical point of no 
r.tuni lliil iniuht los^ and d.hihtation (ontiniicd even thoimh ingestion ot 
a dut adnpiaK in (aloriC'. uas niido possililc 

Tlun Mire twthi. siinmni! patients who meucd the pilliatue honefits of 
. -^..i.h 1^. al intnhatioii di the-i fiie Ime sueennihed to the incxorahlo progics- 
s .III of llieir pniiiam dueaso Then ultimate tennination was due to trenerali^ed 
.!(Inlmti.iii an.l asthenia 11111011011 ilimentaii pitenei was maintained to the 
in.l In TahU II is listed then indnidnal snmaal times followni" surgen 
Til. iiu 111 IS (.iiiijmtid as 5 4 ninntlis 

T\nr II sini\\i Pri i..l> or Pktiests Sim f Pl-U. 
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An esophagopleuial fistula, enip%ema, and passa^'e of the ful)e into tlio 
stomach all occnired in one ease This jiaticiit had a inassne caiciiininn imoli 
ing the caidia of the stoniacli and tlie lowci end of the osojilingiis, intli cniniiloto 
ohslinetion At operation, gicat difficult\ was esiieiieiiced in nttciiiptins to 
pass eathetei oi metal dilatoi fiom the esophagus info the stonnicli tliionpli tlic 
caicinomatous region The diaphragm was incised so that the stomach nnplit 
be palpated to eiisiue piopei guidance of the dilatoi as it was foiccd tln-oiii'Ii 
to cicate a passageway fiom esophagus to stomach A left empyema clc\cln|)c(l 
which y\as ticated by open drainage sixteen days following mtnhation lie 
ictimied to the hospital thiity-tiye daws following the oiiginal opeiation he 
cause of incicased diainagc This yyas due to a fistula yyliieh latei healed after 
tube-feeding via a Ley in tube He resumed eating, but his condition legicssed 
and he died sixty-nine days folloyying the opeiation foi intubation At imst 
mortem examination, the intubating tube yyas found lying in the stoniacli \ 
loentgenogram one yyeek piioi to this shoyyed the tube to be ret.iined m its jiroper 
position at the cardia 

As a contiibuting cause foi fistula foimation, it is felt that the esophageal 
incision was made too close to the lesion so that flic infcnoi poitioii of this 
wound was thiough iiiuial tissue containing caicinoma Caie is now cscreised 
to locate the esophagotoiny faitliei ccphalad, allowing 1 to 2 niches of normal 
appealing esophagus to interyenc bctyycen it and the ujipei maigiii of the tiimoi 

One patient yomited his tube sixteen days aftei niseition Jt was replaced 
by icopciation This has been prcyiously mentioned 

In two cases, obstiuction folloyyed nnpaetion with food The [laticnt has 
no subjectiyc sensation of the picscnce of a peimancnt tube and there is no 
nif(Ifeience with deglufion It is, Iheicfoie, difficult to eoinnice linn once 
he finds himself capable of swalloyying again, to ictiain fiom jiaitaknig of any 
thing but a scmilic[md diet Tyyo such patients, who lemaincd iccalcitiaiit to 
all adminitions of caution, finally obstructed then aitificial iiassagcways Some 
of the impacted food could he lemoycd yia the csojiliagoscojie JJyeiifual pafcniy 
yyas achicyed by digesting the icinaining im])nction liy syyallowing solutions ol 
piotcolytic enrymes such as raioid and Papain, which aic used as connncicial 
meat tcndcii7ing agents 

Regurgitation of small ciuanfitics of gastiie content and the sensation of 
‘ hcaitbuin ’ haye occuiicd following palliation foi obstiuction at the ennhn 
These syuiiptoms me attnhutable to the peimancnt natiiic of the piitcnn he 
tween the esophagus and the stomach eflected In the indwelling tube The 
esophagus and the stomach me now, in effect, one single hollow yisius diir 
the loss of the sphinctciic mechniiisiu ol the caidia Ijiiutatioii ot gas may 
bring with it simll f(umitities of In/iiicl gastne content A icclinnig position 
Iimticulnrh when adopted shortly aftci a liquid meal, fayois giiiyitalional 
spill into the esophagus The mnmtcnancc of an upiight position, cspecinll' 
aftei eating has helped greath in .inielioiating these sy miitoins of ‘dysiicjisia 

Post mortem examinations weie conducted in fne cases Picyioiis nieiilion 
has been made of one fatality in yyhnh thcic appeaisd an empyeina, hinlid 
esophageal fistula, and flic pi-csrnce of tin tube hing free within the stoinaih 
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li, 11 ,. nnniionu four lUMutKcv the Mirmnl and llii retained tidies uerc 
i.„md int Ki and uiumoUul Tlurc did appear in one cisc a small nnicosal 
<ros„m ,1 a i-oint of ,ont u t lietueen the free ttrnnnal portion ot the tnhe and 
,lif .jiilliclnnn This o(,urred m i ease eirh in the senes At that time the 
n. n more rmid in tcxtun ind tin latt th it thei were lashioned mamialh 
lo on. oi the authors did not lend to the artistn of their finish No lurtlicr 
u!i»riii'>ns were found ifnr the adojdion of i tuhe more aieldin? act ineom 
pn ssihh jnnitnri ind eomnunialK manuiaeturcd * 


Ills( 1 s.slo's 

Tin Ill nnt< naiK i oi a p iss lucw n throiich the snhstanec of enreinonn tissue 
!'% m< Ills oi a uiht has heen disirilnd ha other aiitliors In 1*127 ^outtar’* 
pissid nui dlu tnlH"N ihroiuih unlurmiit isuisiru tious In means ol an esophaco 
SI opf ind oht iiinsl s,it isf.K lora jnteni a in this fashion More retentla Alltson ’ 
ut( r I ondi nmitiu u istrostoina or ji jnnosioina as i pnUiatia c measure l)ccan«o of 
tin (onsidrrilili mortdita disionifort and pnned inadiqnaea in proloninn? 
lilt h IS rf\i\(<l tlu iisi (It s>(,Uttar s nnthod Kiaildi” reported tlu oiicratiae 
ntili/iimn oi <a \ilastn tnhe in one f isi whin nscition was not fcasildc 
Itrown'' m i stiml ir <ase disirihod the use of a metallu tuhe to maintain 
p ill in a 

\ tul» oi phstio Ill lien il for usi m the siiraKal treatment oi tareinoma of 
tin I siipli it.iis lus Ins n d(si nhe<l ha Ihnnin'' The imiieiple niidcrh in? iitih- 
’itmii of this iiipltaini Is not to hi lonuisid with that oi this jiresciitafion 
In tin os (inniiii tlesinludha Uinnui the tnhe is nseil to rfphnr in extirpated 
SI-tin 11 oi < in ttuiiu i In iriii" esophauiis and is suhstiinteil to hndire the aap 
T'n ojii r iin>n is thus n ri'(.I tui priKishire dt sunu d lor i uraliac purposes and 
ns \ 111, isi,phn_,,'_ sirostdim n, tins a dm In lontrist siirirical intnlntmn 
s )iti\iiiush ilisinhnl is iisi d snh h lor iiillntion whin nsutioji is not id 
aivilfii or I 'niml In nsoiuphshed 

Tin! Ill til iidiniuui oi uitiihitiou ,is pnsinud lun w is first jirompted 
h til SI ijv, OI iriisiritiini uid lu !|i!i ssin-ss in tin f i< c ot ine\tru ihle lesions 
I I '1 I i'o;i', i_ns UMii|h III tlu iippir mil middle n inons a\huh jmehided 
I n'liii i\i!! !,,r 1', si.'i puqi.isi ol pinmion Mhen is siirL'ii d intnhition 
^ ^ ' J" til d fill sin li sijii )(i,,t,s I),, jiidii iiniii lor Its nsi w is hroidined 
" '* am iiihtiK dl\ nsisidiU hnt where lomiileti endi 

in 'I'l s |, II, K (sirii im ( \\iii, ill, 1,1^1, prim ipU-s ot 

n. 111 I mhl mill ip 111 li In smli inst im-i-s where the 

I'll n 1 1 r t' HI till ptMspMi oi , un w is tin t ojisnh r ilion thi' 
"t t'l pilliiiut siin.1, d pnnishire a\ is lns]miiih n 
-iip'Ti. n naimh iiitululion niln r Ih m rest < tmii 

’ "d nninai.h,-,} „ i.im of thi dissutioi, t,„, 

’> r ji-iisi IS uiisiin dill 1 iiididati-s mr t eon 
p.h’i 111 toll ri iin this Jinn,shin Itidisd 
l< -r. up In mil njsin.si pnimusU 1,^,5 
if I 0 uv 1 -s nis, I w s I, j-id th ,, 
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the^ could iiol witlisland leseetion, e\en if feasible Instead, a fiastiostoiiu or 
icjunoslonn Mas done Tlie\ mcic latei chosen as the oiifiinal candidales for 
thoiacotonn <ind intubation berausc of a pooih funttionin" ainncntnii \cnt, 
and a piogicssnc touise of clinical deleiioiation 

ST AiiiAiti \\D co^cnnslo^ 

A method is dcsciibed Mliciein palliation ol obstiuctioii due to (aniiioiiii 
ol the esophagus, m<n be afhie\cd b\ the intioduction of a pciniaiieiilli ni 
(iMtlling tulic The tulic is suigiealh inscitcd at tlie time ol tlioiaiu c\])loialioii 
mIicii it is dftoimined that icscrtion ol the csoiihagus is not feasible 

It IS suggested that, because ol its simplieite, the method m glit ])ioht<il)l\ 
lie substituted foi leseetion and esophagogastiostome in main inslames, wlieii 
the lattei is pcifoimed jiuieh foi palliatnc pin poses Mitli no ))ios])cet ol onidi 
eating the elisease pioeess 

It IS felt that suigical intubation is supciioi to the alteiiialc jinlliatne 
pioecdiiie ol gastiostomi oi jejiinostonie in that it ma\ be pcifoiiiicd at the 
time of the oiiginal thoiaeie esploiation thus aeoiding an .iddilne ojiciatioii 
that It adds to tlit Mcll-being ol the patient b^ jicimitting him to smoIIom, tliat 
It eliminates the diseomfoi-t of abdominal tube feed ng, and in that it incecnts 
the elisticssing symptom of salnan o\eifloM lesulting fiom csoiiliagcal obslim 
tioii A stueh of eightcem eases o\ci a iieiioel ot nine months fiiitlici siiggisls 
that the sunn.il lime is gie.itei than tlial aecoided be gastiostome, although it 
IS icali/cel that the size of the senes and the bieeite of the time that has elapsed 
do not juslife dthnitne eonelusions as to the ultiniale icsults ol Ihis jiiocidiiic 
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portnnt, as most of tho lesions in tins portion of tlic c“oplingus (the upper Inlf) art rndin 
sensitive in contrast to lesions m the lower portion of the esophagus After n period of throe 
or four weeks the intnnasal tube can be remoied The patient will die nnnvn\, irnspcetni 
of surgen, in an average of nine months, from dissemination of tlie disease and not from 
obstruction of the esophagus 

DK \ L BRO\\T\, San Francisco Calif—About we published in the Toirwi 

OF Thofai ic ScRCErv a somewhat similar procedure invohang the use of a rigid tube for 
those individuals m whom wo did not wish to do n gnstrostomi “since then wl have u'oil 
the same procedure in si\ ndibtional cases Our choice of cnsis are those in which it i« 
determined at exploratorv thorncotomv that n radical resection is not adiisnble At that time 
we decide to put in a tube, if at all possible, so thnt the individual mav receive irradiation 
thernpi which, under other circumstnnei s^ we feel might shut down the esophageal lumen 
«o tightlv that we would have to use gastrostonn nniaini We have had some teniporan 
satisfactory results ivith the use of the tube One patient went a year and a half after 
irradiation The tube passed about a month after insertion The iiidiyidual finally died of 
a cardiac ailment 

We arc noyy using polyethelene tubes, most of our tubes e\ttnd yvcll beyond the length 
of the lesion They measure anyarhere from ]2 to lb cm in length 

We do not insert the tulie through the mouth because we yiant to lie sure, through 
thoracotomy yyhethcr or not the h «ion is operable Wl do feel thnt the indwrUing tube 
has offered these patients more comfort nnd rebef than a gastrostomv would have offored 

DR B n EVANiS, Fresno, Calif —Like Dr Carter and Dr 'danger, we haye u'cd nn 
ordinary plastic vinvl tube of a tvpc thnt is onsih nyadablc This is infrndiioed dircotli 
into the csophagoscope at the time tin chest is opened and tlie h sion found to lie inopernhh 
being threaded through the constricted area, by bouginage if ncicssan, into the slomnch 
Then instead of bringing the provimal end out through the nostril we haye made a small 
stab yvound in the pyriform smuo and brought the tube out the lateral aspect of the neck 
do this because we feel thnt the tube can be better tolerated nnd the patients are more 
comfortable thev can swallow their owai snliya around the tube nnd tho saliiairy secretions 
find their yiay into the stomach “supplemental feedings i an bi gnen through the IuIk. ns 
desired 

DR TOHX AI “SNYDER, Bethlehem Pa —Since I felt thnt tlierc are still quite a fcir 
cases thnt we can be sure are inoperable beforehand, by evidence of ccriicnl glandulnr 
nietastases which can be proied nnd by inyai«ion of the left stem bronchus deterniineil hi 
bronchoscopic examination, about three years ago 1 had a tube fashioned which I fir t U'Cil 
111 a patient who had had difficulty after radiotherapy elsewhere It was pa««ed through tlic 
csophagoscope nnd worked well for soycrnl weeks I thought y\e had nn adequate retaining 
flange, but unfortuuntclv m mv first ease the tube yvent on dowm yyitliin nliout three wisk® 
It did not cause the patient any intestinal difficultus Imt I became a little more disKiurn^ml 
than I)r Carter, because it took about ten months to get llic first tube Perhaps I can gil 
some more in the future 

DR EMU \ X \CLPRIO "New A ork, X A —I want to eoniiiunt hricfli on 'I'O 
sehated patients with < niicer of the isoplingiis who were treated during the jmst two nafs 
with plastic tube prosthesia ipplied franothonicicalli In patients who an extroiiieli poor 
surgiinl risks with complete disphigm and/or an inojierabk lesion the use of a sji,s-mflc 
disigned polutheleni tube may proyc to In the optimum mrlhod of offenng palliation 
F irlier expenenees with four pntifiit« in whom varying lengths of iniohod esojiliagiis ini'i 
reseated and a tulie was sulurisl in place gaye poor results in thnt e«oplingenI le iks iMium''l 
causing modi istiiinl ind 'ulieiitaneous eniphy~ema pneuniothornv ph iinl elfu'ion atih-ctisi 
and a loyi gride oinpyinm whieh ms < s~ilatf d jirolonged pleural driiimgi and gastro toiin 
The le iks Iieahsl in two pitiento and they y\en ngain able to swallow de-jiiK an as is niti 1 
prolongi d pi nod of eontinutd ph urnl di'i isi in anolln r, diath oci urnsl in the fourth |C' > 
ojnrative wetk from atiliita=is, pncuriiotlior iv eiiijiyeiim nnd nssoiiatid lornniry di ca" 
and the other a patunt yvitli siycrc cirdiae dis ase dud on the third po tojn rnlivi dai fro" 

1 oronari oi clu'ion 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Aimual Meeting 

The Thirty llfth Annual Meeting of the American Association for Thoracic Surgcn 
Kill be held April 24, 25, and 26, 1955, in Atlantic City, New Jersoj Headquarters will 
be at the Chalfonte Haddon Hall 

Requests for Hotel Reservations 

These should be mailed directU to AIiss Dons Sears, Coniontion Jlnnager, Chalfonte 
Haddon Hall, Atlantic Cit), New Jerse} Please mention this Association, the tj'pe of 
accommodation desired, date and approximate hour of arrival If accommodations arc 
desired elsewhere in Atlantic City, please communicate directly witli the hotel of voiir 
choice 

Thoracic Surgical Forum 

By vote of the membership, the Fornm is to bo continued for the presentation of 
short papers on current thoracic research, experimental problems, anatomical studies and 
modified or now surgical techniques The inclusion of nnj considerable amount of clinical 
material in these reports makes the choice more difficult and the Program Committee rt 
serves the right to reject such papers or to suggest their transferrnl to the regular program 
Papers at this session will bo limited sharply to ton minutes, including the showing of 
lantern slides or other illustrative material At the discretion of the President, three 
minutes maj be allowed as the maximum discussion for each paper 

These papers will be published together in one issue in the Jouknal of Tnon-vcic 
SURGERV hfaximum length 3,000 words without illustrations If illustrated, an appro 
priate number of words must be subtracted for each cut used 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1955 meeting, including papers before 
the Forum, must bo received on or before Dec 35, 1954, otherwise they will not bo con 
sidered bj the Program Committee 

Abstracts should bo labeled "For Thoracic Surgical Forum,’’ or "For Regular Pro 
gram ’’ 

Five, repeat, file copies of each abstract must be sent to the Secrctarj of tho Associa 
tion. Dr Paul C Samson, 3959 Hnppv Vnlloj Rond, I nfnjette, California Thov should not 
bo sent to tho Editor 

The abstracts should contain from 200 to 250 words and accuratclv reflect the con 
tents of the completed paper 


Appbcations for Membership 

Applications for Associate Jlembership in tho Association must bo received bv the 
Membership Committee not later than Dec 15, ]‘154, otherwise, the applications will 'O 
deferred for consideration until 1956 

Applicants must bo sponsored bv three Active or Senior members of tho A“ ocinlion 
In addition to tho signatures on the application form, tho sponsors must forward a v'T 
arati letter concerning the applicant directly to Dr Lvmnn A Brewer, III, Chairman of t c 
'Nfembership Committee, 2010 Wilshire Blvd , Los Angeles 5, Calif 

Completed application forms and the sponsoring loiters independently sent b> the tin 
sponsors must bo received bj Dr Brener not later than Dec 15, 1954, to be considcreil 
action in Atlantic Citv 

Spon‘=ors are reminded that new letters of recommendation must be forwarded to tie 
Membership Committee should their applicants bo held over for reconsideration a second Tcvr 
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Original Communications 


'-TLDIl ON LAK1)IA( ARKhsT THE ItELATION'^lIlP OF 
in I'EIK \P\L\ T(^ VPATUKULVU riPRILLATIOX 

A\iij C ^F\i\ AID \\ tiirw Yoing Ik Ml) (r\ inmtvtiov), vnd 
Ifrom? S mrKi-i MD fni inmtvtion) 

Ofriinm N C 

Ol 1)I)IA ( irdiiL irnst one ot the tliiti i niscs of death durinsr 

O surt.trv >' > The laetor> of this accjdcnt me still obscure 

iMtpt >11 thos, iiistniKcs of o\ort h\po\ii <>\trdosT<>c‘ ol driips or peripheral 
\ isoiuotur U)lli]>st The iinjont\ ol < isis ln\e to be ihssificd as duo to 
mohf. ritiu!(<! < uiv(s '^t.Ncr il oIim n.< rs ln\«, sutr;rosted that h\ jicrc ipma nn\ 
h< o!i( ot flu nsp.iiivihl, ndors m this irroiip ' ” >* -> A sines of e\pcri- 
intiits diMirnwl lo sttnh the eftids of h\perei]nii i on the heart ln\e betn 
I'< rfonmd in „ur 1 ihorifon duritiir fin past seieral \ears ■> A snnininra of 
t o ntnl u,,] fhoir < linn il implo ifions form the subject of 

this p ipi r 


r\I I KIMl NT\I JlNDINr-v 

'Xir first ,fr„rts uiobrstand th, im-lniiism of tardne nirest consisted 

hiiVr,' "" I'f-irt diirintr Inpovn and 

I , " '^b'fX'o'its IJ doL's \\,M jlloiifd to breathe 2 f> per 

imot'riuhT Vi'n’ i' Miniiihtioii of the 

- . .I, . „ , ' ■' "'<■ -min. 

< nos ,rrt 11, ■; "'’'r itor% conditions I„ ,11 .nstaioes hiper 

•P <ie •ajuri' Mi-s »'”>p miI.m 

•' ' >t > -s mod ,b d. to 40,1, rent carbon 

'b r.. . - ! c .. '■'••b > in. d dir. .till jii, ,j,, 

'. ^^.d 1, ,dlc \ '»itb. ..fh.rlnmJ „ tu dh cbmns.d 

’ '>"1.1 L I s'inml ctu.ii 
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In the experimeuls "where prolonged hj'percapnia Yvith 30 to 40 per cent 
earbon dioxide was used, the dog’s toleranee to severe lespiratory acidosLS'wns 
notable In these animals, in spite of repeated periods of lagal stimulation, 
cardiac airest "was neiei pioduced In three instances, honeier, Aentnciilar 
fibrillation nas noted nhen aftei a long jicriod of lirpeicapnia the dog was 
allowed to breathe room air The exact significance of this finding -was not 
appreciated until Broun and Millei^ made similai obsenations and reported 
m detail on this phenomenon 
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Flp 1—Electrocnrdloffrnm of a dop sliowinp the dc\cIopment of \entrlculnr flbrillntlon In the 

po«tlj> percnpneic pcrlo<3 

As shown in Fig 1, this phenomenon of postlnpercapneic iciitiiciihir 
fibi illation IS a striking one Significant alteiations in the electrocardiogram 
aluaYS occiiricd befoie lentriciilai fibiillation These included altcialiens in 
T waics, incicase in the intioYentiicular eonduttion time, lentiKular estra 
St stoles, and A-V dissociation 

Because of the similaiitt of the eltctioeaidiograiihic changes of htper 
kalemia mth those in the postln pertnjnieic jienod another gioui) of expcri 
ments -were perfoimed, using rats This afforded an ojiportiiiiilt to stiuh the 
elcctrohte changes in the tissues as -well as the plasma The details of tins 
experiment hate been reported elsetsliereThese aninials were gitcn iircalli 
iiig mixtures containing SI to 4j per cent carbon dioxide After periods up 
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to four an.l onofmlf hours, the 'Umo^phere m the chamber uas quickly chang^ 
u, rr.n, air After t^^o minutes the rats uere killed, aortic blood uas aspirated, 

mdoremslobcaInl^7td^^c^ercmo^cd 

The results of these experiments are sho^sn on Chart L The plasma 
increased m 10 the length of Iho hxTorcnpneic penod 

Tin re \ as also a sigiufieant mereasc in the leaol of potassium in the hear 
musch hut not in the skeletal mtistle, Incr or kidnca In scteral animals 
( 1,1 trot ardnmraphic changes similar to those ohsersed in the dog occurred 
m the postlnptnapncic period 


POTASSIUf concentration DURING HYPERCAPNIA 



< / »rf ' tf lum In an I tiunn- h\ i>orc*\i)nI u J Dita on 

5 f ^ I It I < n 1 ' nninj i!« nfi r I > 4 of hjinrtajtnta S tluta on 1*1 

T-t-n nfi r '' i > - 1 J Jr^ i Itta on u nit** aft r o to 4 4 liours ^ Oala on ^ mtx that 
1 1 iTi <' afnt»< r aft r r ! nr 


\tiiilh<r s( rii ■, Ilf (xpiriintnls on Inptrtapiuic dogs \ is then performed, 

ill it •■I ri il di 1. ninii itioiis <ii tin pi isni i i>otassnim (.oiild In lollov ed diiniig 

lupin i)>iii I Hill till ]iiistli\pin iimeii turioil ind thus he more cxieth 
I "rn I iti d u ith till I li (iroc inlioer iiihii thuiuis Flu dogs \m re anestheti/ed 
nil ] < ntiiharhital soihinu ( ,(i mi; p, p kilogrimi and giiui If) to 40 ]Kr cent 
I rhiiii ill ixiili 111 II'\ Cl II 111 hn ithe "^i n il (lit trot irdioeram irtenal pH, 
lul pi '•'11 I'.Minn di !• riniiiaiioii', wiri iih'iiiiid \ltir three to five 
1 urs til iiiiin iK ' 1 rt siddiiih i h iiiui d iroiii tin t rhoii dioxidi atmosphere 

• n IP, nr iid in'i.iii. n,s! . 1 , 1 , s to 1(1(1 pir lint OWL. n Tin plasma pot is 

” ‘ ‘‘ U' f'l oioii to Jill tmd In m itni rit 'in shov n m ( Imrl II 
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period Chart III shoMS the plasma potassium ehanges in 21 dogs The 
average rise in plasma potassium on carbon dioxide breathing uas from 3 51 
to 6 89 nieq per liter inth a fui thei inci ease in the posth^ pel capneie period 
to an aierage of 7 86 meq per litei In this gioup 14 dogs showed significant 



Chart II—Changes In the pH, plasma potassium red blood cell potassium and hematocrit 
during h>percapnla and the po<>th> percnpnclc period 


PLASMA POTASSIUM LEVELS OF 21 DOGS 
SUBJECTED TO HYPERCAPNIA 



Chart 111_Comparison of the lc\fl" of plasma potassium In 21 dogs during h>pcrcnpnln and 

In the post hjpercapndc period 
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lUrtrotwIiogripluc chuigfs The a^tnpe levels during hATPr^apnia ^^e^e 
7 4(. infq ptr Iilii m tin dugs choking eleclronrdiographic changes as com- 
jiind i\ilh 5 7’. incq per liter in the group lUthout clectrocaidiographic 
elniigfs In the posthijiercapneit juriod the group mtli normal electio- 
I irdiogr.iins shomd nn .nerige rise in polnssiiini to 6f)3 iiicq per liter, iilnlo 
tliL (ithir group iiurenscd to S 52 ineq per liter 

A (ontrol studi of the e(7e<t of Inpovia on the potassium lei cl of the 
Mood ins dniu (( Inrt IV) In this c\perinieiit 10 per cent o\igen niiNturcs 
iiiri giiiii for thirti minutes room air for fifteen minutes and finalh 10 per 
MUt eiwgen for an hour There nas a sligiit initial inciease in the plasma 
])ot issmin eoneeiitratioii nhich soon returiieel to normal lei els 
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Lq I room air 130% CO 2 

FIfT 2 —A traclnc oC the change In the blood preRsurc and respiration on changing from breathing room 

air to hypercapnia. 
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immediateh prior to letuin to room air did not preient the postlnpeicapneic 
fall m blood piessuie but was follo^\ed bj- a fuithei use in plasma potassiiini 
concentration 

In ordei to studj the lelationship betAveen potassium and hApeicapma, a 
senes of nine experiments was peiformed on dogs continiioush^ infused witli 
114 per cent potassium chloride intiavenoiish at the late of 1 to 2 cc per 
nunute and intei mitteutlj’' made hj^iereapneic Seiial pH and plasma potas 
Slum deteiininations Aieie obtained Chart Y shoA\s the lesults of a tipical 
expel iment Bieathing of carbon dioxide caused a diop iii the pll and a 
furthei increase in the alreadA eleiated potassium In a diamatic fashion the 
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Chart \ —Effect on the arterial blood pH and plasma potassium of intermittent periods 
of 30 to 35 per cent carbon dlo-^lde breathinp In a dop rcceUlnp 114 per cent potassium 
chloride at the rate of 1 2 c c per minute b> the lntra\enou8 route 


effect of the postliA'peicapneic state on the potassium is shoiin Thcic ivas 
ahiRAS a furthei increase in the Iciel of the plasma potassium dining tins 
period In one experiment it uas noted that plasma potassium lei els of < ’ 
meq per litei were accompanied be nioic seiere electiocaicbogiaphic changes 
m the posthA peicapneic peiiod than A\hen the same leAel of potassium occurred 
Anth the animal bieathing carbon dioxide or stabilized on loom air The 
rapiditA of the shifts in potassium undei Inpeicapnia A\eic demonstrated, for 
Anthill three minutes the potassium shifted fiom 7 5 to 9 0 meq per liter 

In an cftoit to rcAcrsc the electrocardiogiapliic changes denoting imfxndmg 
fibiillation, liA-peitonic glucose and saline A\cie giAcn to nine dogs shoAnng these 
changes in the postln percapncic period Both 20 pei cent glucose and 3 per rent 
vihne solutions A\crc successful in rcAcrting the electiocnrdiogram to nornnl 
and prcAcnting Acntnciilar fibrillation Once this latter arrliA-thmia occurred 
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thi volutions V ere \nthout ettecf Chart 4*1 shows the elTcct of 20 per cent 
pluiosc on the posth\i)eicapnoic rise in the plasma potassium There iias a 
nnrkod improicmcnt in the electrocarcliogrram that paialleled the fall in the 
jilovina iiotnssiuni 

In another attempt to dimmish the postha peicapneic rise in potassium, 
Iknodnine,' an .adienohtic agent, nas gncn intraacnouslv to three dogs in 
(loses of 1 mg pel kilogram AVhen this drug a\as guen just prior to the 
n turn to room air, the postlniiertapneic rise in ])otassiuni nas pieaented 
I'.f 110(1 line laused a fill in mean arterial piessuic to belou GO mm Hg No 
sitriiifu lilt plietroeai(hngra])hic (hanges accompanied this hapoteiision 



I ! ^"i!' j'luMu \ iwiitt^^Uini art« rl il pH jinil hf tniilticrit ilurinc loiMrcapnlti 

tni Ml 111 I tiijinri n Ir i** rlrvl \i th I of nmrkoi) < Ii^rlroc irOiti^rapJilc clmnk* < 

t r « I- r t ijt k.l\. n 


lli( n ( (inls 111 lulnnts m oni iliiiie who (1(\i1o))m1 < irdi le iriest weie 
thin simiidl Of tin >1) ( tscs studied 24 were found to hue hid caidiae 
irri st diMliiinm. irom uncNiilaiin d reasons 'I he 1 1 maniele r eh \ e lojied irrest 
Irmn no\ia dint, piiisoniiu; up ]»erij>heril aiiseiilar eollipsi Ten eases of 
iii-isi in didiiiniii d o|i(ntions ouurnd just at tin time tin wound was elosn] 
nr w IS 1„ nil, I lo'-i d Tlnsisihe tune tin surge em nsn ilh eh m inds i e 1 i\ ition 
Ill I asi 111 ilnsiiri this iniissitatiil eh e pi nine the iiiesthesia The e !e i e n 
thi.-.i. I IMS i|. Mli*]i,d si nnlstdl deiriTiL the middli port nm of the i.peiitne 

' IS I niisnh n d jmssiM, lint )i\pi re i]>ni I e iiiild h II e oniirred 

o'li 1 isi till irrt St ih \ i lopi d just atti r tin 

l-nrnniu.i tint hid l-i. n m pin, i.,r lort^ h\, 

' ‘ in irr.s, diinm. tin nnluotiou 
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Preliminary studies arc now being made to deteiinme if plasma potassium 
concentration changes of a marked degree occur duiing surgical operations 
Thus far none of the patients studied has deieloped scieic respii.iton acidosis 
The changes noted haic been a drop in the plasma potassium to lei els louei 
at the end of the operation than at the stait It may be that these patients 
iicic hiTicn entilatcd during opeiation 

niscubsiON 

The rapidity uitli which caidiac aircst occurs is the most stiiking aspect of 
this clinical phenomenon This fact has led to s-peculation that some rc/les 
phenomenon w'as at fault "* This has never hcen piovcd It is remark¬ 

able how the sjTnpathetK and paiasympathetic ncncs can bo stimulated witli 
little, if any, persistent effect on the hcail The lesults of oui c\pciimciits, as 
well as those of othei's, ha\c been icniaikable in that eaidiac standstill or \eii 
tiiculai fibiillation could not be produced by vagal stimulation alone E\eii 
though h3TJeicapnia accentuated the effect of vagal stimulation on the heart, 
“lagal escape” always occurred Acute h^TioNia, on the other hand, diminished 
the effect of jagal stimulation on the heait 

n 3 TJO\ia has been implicated as the piincipal cause of sudden eanlinc 
arrest^ ” Uncpiestionabh’’ h 3 'po\ia of se\erc dcgice will stop the function 
of the hcail and all otliei oigans ns wmll In studving our patients’ iccoids it 
was endent that few instances of arrest were due to h 3 TJo\ia In our group this 
was usunll 3 ' the result of longstanding diminished circulation or obstniction to 
the nii’wa\ 

The lole of liiTieicapnia in pi ccipitatmg caidiac ariest has been suggested 

bv sc\eral obscr\eis ■* ” This abnoimal lespiratorv state has been found to 

occur fiequcntlv during operations and is the result of pool sentilation - '* 

The toNic effccLs of h 3 'percapnia on the heait have been P 001 I 3 ' undei’stood In 
fact, the most outstanding observation in our c\periments on h 3 'pcicnpnin has 
been the tolerance of animals foi 30 to 40 per cent caibon diONide In man, ns 
well, clinical obscrsmtions indicate that hvpercapnia may he W'cll tolerated 
Biowni and Bliller,’’ in studiing this rcspirntory state, showed that icntrieiilni 
fibiillation dc\eloped in the immediate postlnijercapncic period in dogs This 
was the first demonstration of a serious dcleteiious effect of carbon diosidc on 
the heart 

The maiked similaritj between the electrocardiograms of ImJCipotasseniin 
and those noted in the posth 3 TJcrcapncic period led us to earn out detailed 
studies of the plasma potassium and tissue potassium changes throughout this 
time both in dogs and rats During li-vTiercapnia there occurs an nieicnsc in 
the lc\el of potassium, and thcie is a further rise in the postlnpereapnen 
period, which maj parallel the oeiiirrencc of alterations in the electrocnidiograin 
The most oinious e\planation is that these changes aie due to the Inperkahmn, 
though the plasma potassium does not reach le\els usunlh expected to cause 
xentricular fibrillation It is possible that the Inqierknleniia is menh a jiart 
of more profound metabolic disturbance Some of our studies suggest that 



«r_\L\ n \L 


STUDIES ON CVIIDUC \rnEST 


457 


till alU rc<l state caused b\ the La*percaprua mav make the heart more sensitive 
to potassium Where constant infusion of potassnun vras gnen, ha-pcrcapnia 
lor a short jienod oi time caused marked arrlnUhimas of the heart at leads of 
0 mcfj pir liter, which avas aaitlnn the range of potassium leads in the post- 
liap. rcaiuicic fihnllators Tins plasma potassium concentration did not cause 
similar siverc arrhaThmias in dogs giacn intraacnous potassium chloride and 
l>natluncr amhiciit air 

The rise in potassium lea els after cessation of ha'percapnia maa be due 
to a sudden release of Adrenalin “ Tins, of course, immediatela leads to 
sp((ul ition as to the relationship of Adrenalin to aentncular fibrillation aahen 
tfiiiibiiicd aaith cacloproiiane or ehlorofomi Subsequent experiments haae sug- 
g'^tid that adrenolatic agents maa abolish the postha porcapncic rise in the 
plasma juitassium concentration Substances that cause a reduction m the 
eiinceiitr itioii of plasma potassium also cause an improvement m the dcctro- 
cardiourani The experiments aaherc lia-pcitonic solutions aaere given aahen 
ehetroeardiographic changes indicated imjicnding aentncular fibnllation sup- 
jiort this thesis 

Since haiitrLatcmia seemed to plaa- a role in the dcadopment of post¬ 
ha pi rcapncic cardiac arrest, other factors aahich might raise the plasma potas¬ 
sium a\(re soudit Transfusion of stored citratcd hlood is a possible source of 
pot is>nim during ojicratioii, for as much as 2 Om maa be given in a liter of 
stonsl liloo'l ■■ The more stored blood is agitated, the more likda it is to haae 
i Inch pi isni i potasMum content The hurried administration of large quanti- 
tiis ot blofid 10 a patient in aihoni aontilatioii and renal excretion are impaired 
Mould sc< m to offer a good opportunita lor the occurrence of toxic leads of 
plasm I I'Otassuim In one of our eases cardiac arrest dca eloped immediatela after 
th' r<l( is< of a tourniqmt on an cxtremita This suggests the possibihta that a 
transKiit iiapcrkakmia could hiae occurred from the release of large quantities 
oi jioi ts>inm fron is( hemic muscle Nome dnius such is caclopropanc maa also 
nil r( is< th, h„i potassium nidirectla ha interference a\ith acntilation The 
1 O’' th It tdnn dm motxase<l the potassium lead suuuests aaha it maa sometimes 
thrill i lailinu hi irt into aentru ular fibril] ition 


Tlun an oihir dnics su< h as <tlur that surnilirantla decrease the hlood 
In ’s of ]ioi ssinm ’ ' '• It m a loasibie asitimiition that this auent maa 
tin dll ji'oiit tin h* irt hi reilm jiig the bads of tlu plasma potassium 

In our studa ihe qmsiion has liccn riisfd ailuther or not the ehancis 
ill 'll. j.ot is-nim bad of tlm j.tasma coubl o,, nr r qudla emmeb to bnner on 
' n ' Ml < an 1 i irnsl In a umttir oi taio to thru minutes tbe potassium 
■ I la in, n s, ni irl m 1]\ as shouu m our expinimuts usiiu, carbon 
ill"' i " U'lm . Us jiot issnim iinusion 
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interest to note that our preliminary studies on patients undergoing surgen 
ha-\e sho^\’n a diop m the plasma potassium duiing suigery, peihaps from 
hj^perventilation or the anesthetic agent used Bro-wn and Jlillei^ ha\e sug¬ 
gested that the posthyiiercapneic fibrillation could be pre^ented by gradual, 
rather than a sudden, return to room air 

The next method of pieAention is by constant obsenation of the electro 
eaidiogram, so that signs of impending yentricular fibiiUation can be appre 
dated early enough for pievention In fiye of our cbnical cases, yheie direct 
obsen ation of the heart y as possible, biadycaidia pieceded the onset of cardiac 
ariest Ziegler-- noted a similar change in the electroeaidiogiam of cianolic 
children yho developed cardiac arrest while undergoing surgen In our 
expenmental amraals the electrocardiogram changed leiy stiikingly seieial 
minutes before final ventricular fibrillation occurred This electioeardio 
graphic change was the only sign of impending lentiicular fibi illation, for 
there occurred no change in the blood pressui e to shock lei els or any fall 
over that expected after a short period of hypercapnia The waining electio 
eardiogi aphic signs occurred early enough, so that they could be reiersed 
M ith hypertonic solutions of salme or glucose 

It IS very tempting to impbcate hypeieapma as the cause in many cases 
of sudden cardiac arrest In our cbnical eialuation it i\as entireh feasible 
that hjTiercapnia could have been in part responsible for the accident in nearly 
two-thirds of the cases It may be possible that hypeieapma is only one of 
seveial ways the heart muscle can be damaged during surgen to the point 
that it IS no longer able to contract foicefully Further studies on metabolic 
changes during surgery are needed It iiould seem much moie likely that the 
causes of the so-called undetermined type of cardiac ariest lies iiithin this 
category lather than from simple reflex changes, hypeieapma, In-poiia, or 
drug toxiciti 

CONCLUSION 

1 Hyrpercapma has been suggested as a factor in the pathogenesis of 
cardiac ariest 

2 The critical period for the heart is the immediate posthypercapneic 
period 

3 Studies of electrolyte metabolism in hrpercapneic rats and dogs reieal 
a constant increase in plasma potassium concentiation during this rcspiraton 
state The hyperkalemia is most marked in the posthypercapneic period, at 
which time sciious electrocardiographic disturbances occur 

4 It IS suggested that changes in plasma potassium, associated perhaps 
wnth more complex metabolic disturbances in the heart, are the primari factors m 
the pathogenesis of postlii-percapneic cardiac arrhythmias 

5 The warning signs of posthi-percapneic lentneular fibrillation are casili 
noted on the electrocardiograph before other cndence of impaired circulation 
occurs 

G Posthi-pcrcapneic yentricular fibrillation can be preiented bi the m 
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trupilou*' iiijp^tion of 20 per cent glupo^c and 3 per cent sodium chloride wlieii 
lli( mniing (lc< trocardiogriphic change^ develop 

7 The clinical implications of the eNpcnmental findings are diseiissed 
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to studj the total effect of induced carbon dioxide accumulation both in the dog and in 
man Last jear we presented eiidence that the eloctroencephalographic pattern i'* 
changed bj increasing degrees of hipercapnia in a fashion similar to that caused bj ether 
as the depth of narcosis is increased * Ultimately all brain wa\ o potential disnppenrs If 
a dog be allowed to continue without brain wgie potential caused bj high Iciels of carbon 
dioxide in the blood for more than fifteen minutes, he will probablj not recoicr Irroier 
sible damage will hate been done to his brain Both in man and animals, partial prcssiins 
of carbon dioxide in the blood sufficient to change the electroencephalogrnphic pattern 
produce little change in the electrocardiogram. This is m marked contrast to the effect 
of hypoxia which causes electrocardiographic changes at the same time that the electro 
encephalographic changes occur Thus, it would appear that carbon dioxide in toxic 
quantities affects the brain more than the heart 

In regard to the rise in blood potassium which occurs following the introduction 
of toxic quantities of carbon dioxide, this is a phenomenon of stress, chemical or 
mechanical, and max be found in numerous tissues If the kidnejs be remoxed from a 
dog, there xnll be a nso in serum potassium if he is subjected to hj-percapnia But despite 
the absence of the excretory mechanism, wo find that the potassium returns to preoporalivo 
lex els if the hj-percapnia is gradually relieved This probably represents a restoration of 
potassium to its normal intracellular position as equilibrium is restored It is our opinion 
that the tendency to fibrillate folloxnng the sudden relief of hypercapnia is due in part to 
an imbalance between extracellular and intracellular ionic components The cause of 
this may be the greater speed of diffusion of the bicarbonate ion 


DB N K. JENSEN, Minneapolis, Minn —Cardiac arrest actuallx does occur in human 
beings xvith hxqiercapnia Wo had the misfortune, while studx ing a group of serious 
respiratory cripples undergoing thoracic surgerv by following their arterial pll clo'clv, of 
remox ing two patients from the operating table with a pH of below 7, one C 98 and the 
other 6 82 Wo had discontmncd the snrgcrj and closed rapidly because of the remark 
ablj low pH Both patients wont into cardiac arrest as thej began to blow off thoir 
retained carbon dioxide These cases are of particular significance, ns their arterial oxxgtn 
saturation had been closelx monitored during the entire procedure, and neither had shown 
anx anoxia The respiratory tracings clearly demonstrated, howexer, that the exchange 
was not adequate during the procedure to remox e the carbon dioxide, although it was 
adequate xnth high concentrations of oxxgen to keep the arterial blood lex el at normal 
oxxgen saturation 


DR JOHN H. GIBBON, Jr, Philadelphia, Pa—This paper concerns some funda 
mental and interesting changes which occur when carbon dioxide accumulates in the 
body Dr Allbntten reported last week to the American Surgical Association that during 
some twenty major thoracic operations there was no increase in the arterial carbon dioxide 
tension The expiratoo, as well as the inspiratorr phase of xentilation was assisted in 
all of these patients Of course what we nil want to do is to avoid the changes, reported 
here, which occur with the inhalation of high concentrations of carbon dioxide I think 
we need to pav a good deal more attention to ventilation in thoracic operations 

I am a little confused about one aspect of these xerj beautiful experiments in rola 
tion to the work of Dr Swan I was waiting for him to speak, but ho did not We hnxc 
been shown that breathing a high level of carbon dioxide results in an increase in the con 
centmtion of potassium in the plasma and, when the subject again breathes room air, the 
concentration of potassium in the plasma continues to rise for a short time exon though 
the pH immcdiatelv begins to nso Dr Swan has reported that in IixTiothcrmic dogs, 
following release of cnxal occlusion, there was an increased concentration of pota'sium 
in the plasma But be also reported being able to defibnllnte hearts bv injecting potn« 
Slum salts into the coronary circulation I hope Dr Swan will clanfv this matter for us 


•Clowe" Gcomc H A Jr Kretclimer Henrj E XIcBurne> RlcUnril 
FJorInOo A The Flectro encephnlom-nm In the Exnluntlon of the Eft^s of xne 
Agents and Carbon Dioxide Accumulation During Surgerj Ann Surg 13S 65S 5CS i 
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I>r ill M V VN II r)cn%cr, C^lo—I bn c vtrv interested since I heard 

j). ~ j- I t ri j I'l on tVi'i vrorl lH.ca^‘e I con< dcr it cxtt<."nelv important In 

In <-’i ir I »i o- (’i nne art' ! c-ia rrleri ca'l'O" dioxide las been accumulatinc and 
^ e . , r, * '"1 or n"o 1 *'r na^-'^d o^t ** a"! the ant'*heti*ts call it mth oivpen 

I'n .T-r t >.-,t on iihirh 1>' ah 1 a« ij. senlel i- cft up It i' dunne thi' moment, 
,j ,j. l> j n; „„ 1 TT,]] ri o- \in hi^h ard eardiac arri't mai occur 

it' r^rn'd <> 1)' <iiIj1«*i ' rorennt the po x~'iuri Icicl decreases in the 'erutr 
d'n > I'j 'inntih'irtu Tecerth iTf. haic learned al‘o that potn'sinm emerees from the 
*-1 1 n^dmi" r^ij djv durin:! iirtne^lar hh'ullatia'' If one mea'uires diflercnces 
in ; !*■>• 1 - 1-fr-pen 1 '• firora! arteri and the rf)ro"nrv 'inu' one find' that in the 
r >'—alh 1-a i-c I cart tlir* i^ »*--trtiall\ jrota «imn 1 alance but dune" aentncular 
d i!'i!i - t'" 1 1 a creat outj''»unne of j-'ita lura fru-i the m'orardiutn a^ eiidinced 
tv ri t arl' ’ n ' ir tl e level in the Hood in tin rorotiarv «inua In retrO'pect thi' 

r 1 I ev,H,n vvl V ap roiiH defibnllate the rold heart or for that matter tie manr 

1 1 111 ! tie nil of [T a« lum ehlonde an I the im of ihcirie ^hoch which we were not 

n'' ! . d 1 r it! r ^t ll > ii'e ,,f tt< a‘viun potnoiiun chloride therefon in our expen 

. r n-’v rf rr val ii jnventitle tibnllation 1 ut onco the 1 ear* 1 a« Cbnllatcd and ha' 
H r nl'ra 1 t' nllat» for a n d of tie < we ful that a lot of pota"iom ha' Wen 
I' f t' •'V vrardi’ ri an 1 frr thi' r a'On po*a"ieri chloride i« of aid tn defibrillatin" 
ll' t art' 


rl 


hi 1 \I Vlt MiWI"- Urookhni Ma* —I wi'li to a^h a frvr que'tion' hopinc that 
' l! lip t ir t! 1 'e^l,l aviH about tl e vera ir portant clinical a'p ct'of the 
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11 a^o I 1 ai' the t nhappv eapenene' of ' ticg the heart of an 11 tear old 1*0% 
tfr-la* l*il'ati<a with c" atma of o"*" i\i oiitj it ju't a' a patent duett' 
to 1, divi’ ! Hi. rprali e eour" hail I~in 'ati'fnclorv until that tirre NIv 
n I Vlat !o 0-1 d-a n it when an 1 njr ard fifta minjti« later he i« 
,1 , (!e >r ^ f,-,t j J I, J., { If, fij ventricular fibnlla 

T > o‘'r tu, o tpt e in Lio-cr arilv ’ I am not an eapert in thi' field 
f‘r ' aith viatnriilar tilnllatioa durin. op ration MthouoJi I have 
r ' C't'lA' arrc' I 1-liev e t1 at i« a diffi ri nt tv pe of i merci acv 

I'll' 1 ( Vi r tl e rojf.e of Ifo miautev in trv me to neco'-pli'h 
•rtlv r'latai'ine cari icr r a' ae at a rate of » o to fit com 
> " ' tie j- i-t in ‘tl I ieolilnvrn p' nioa The hi art wa< ficlel 

. it nr i o fill viri h I 'ooil to dilatnti' a and tl e~ ‘ piee’ed v ie"roa U 

It' ’ N >'-irr,'nt I la. 1 mu'- '• * r r of 1 p - rert pr rame bv drorhlond. 
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complications tjpical of acute tubular nephritis, but from which I feel confident he mil 
recoier I know that others here, as well as miself, would appreciate some practical word 
from those men present who hai e had experience in this field 

DE HOL^MAN—Has am one anv comments or suggestions? 

Question —Wdl someone tell us how long tins can go on? Does it go on usuaUp for 
ten minutes or for an hour? Is this an unusual case, or have others here had similar expen 
(nces’ 

DB FEANK L GEBBODE, San Francisco, Cahf—Actually I think this probablr 
is a case that should go on record, because I do not know of another case of \entricular 
fibrillation which has been in a state of fibrillation for an hour and fifty minutes with 
survii al Fracticallv all the cases recorded in the literature are of relatively short dura 
tion and one either restores the sinus rhvthm more or less quickh, or death occurs I 
think what i ou did was undoubtedly right, and the moral of the story is that one must 
persist in his eilorts at resuscitation for at least an hour, the fact that you persisted for 
an hour and fifty minute® means that we must all profit by your experience and trv 
harder for a longer period of time 

Question —Do you fl unk it necessary to use so many agents? 

DB GEBBODE —It eyidentlj was necessary to use some of these I w ould use 
procaine amide in any difficult case of yentncular fibnllation if I could not promptly 
restore sinus rhy thm ymth electrical shocks to the heart It has been showm expenmentalb 
that procaine amide is of aid in defibnllating the heart The dosage is somewhat in 
question, but I think 100 to 250 mg is a good dose in this situation IVliether or not it 
was feasible in this case, or was correct to use Neo Svnephrine with procaine, ns Dr 
Adams did I think is open to question, because it has been pretty clearly shown that 
Adrenalin docs increase the coarseness and degree of fibrillation, and perhaps Neo 
^ymephrine docs the same Any one faced with this problem should be rather careful about 
using Adrenalin when yentncular fibrillation is alreadj" present IVas Iseo Sincphnne 
used in the earlv stages of yentncular fibrillation? 

DE ADAMS —That was the first thing we used 

DB IV GLENN YOUNG, Jr (Closing) —IVe appreciate the discussants’ remarks I 
do not know how to answer Dr Adams’ question except to add that there is some eyidence 
that if the expenmental animal is placed back on a high carbon dioxide mixture the 
Llectronrdiogmm wnll revert back to normal This is brought out by B H Senbner in a 
paper being presented today in Atlantic City which also confirms our findings of a nse in scrum 
potassium dunng hypercapnia and a further increase on return to room air If the 
electrocardiographic abnormalities are recognized prior to the onset of fatal arrhythmias, 
the administration of hypertonic glucose or saline may be indicated on the basis of our 
studies 

IVe do not know whether the hvperpotassemia is the onh cause for the cardiac 
irregularities, or whether the latter depend more directly on complex changes in cardiac 
muscle metabolism incident to hypercapnia In our studies on rats there was a marked 
ditlerence in cardiac muscle ns compared to skeletal muscle Onh the cardiac muscle 
showed an increase in intracellular potassium during hypercapnia Our future studio" 
Will be directed toT^a^d clanfving thi*’ point 

In answer to Br Swan’-^ remark about potassium lea^nnp the heart during fibrillation, 
I wonder whether this ma^ ‘^impH be a result of the arrhrtlimia, ns it is well known that 
i‘*chemic muscle releases potas^Jiiira in large quantitie'*, ns does the anoxic luer 
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B ] ( \l Nh of iJic current interest in Inpothcrnm it lias been considcrcel 
worlli eiliib to re\iei\ '-oine of the plixsiolngie concepts and assess some 
of Its jm s( lit apiilic ation to c irdiac siirgcrc The reduction in ona gen reqmrc- 
iiK nts oi the hod\ produced h\ general In potheriiiia not oiiD allows the sui- 
coon ereatir h e\ ac in di ilinjr \nth the pi or risk cardiac patients but permits 
him to interrupt the circulation for i lonuer period of tune than would be pos- 
‘-ihb it norm d bode tcnipcratiire UnfortunateU the application of this 
jinticiiib to intrnc irdiac surccri is limited at the jircsent time bv the fact that 
boiU ti m]i( ratlins b'low 24 *^ C F 1 arepooih tolerated 

Ordiiian adult md labornton animals c innot be cooled safeh to a bodv 
timjiirilurt iiiikIi below 20^ C (HS' F t althoiiuh infant and immature ani- 
m ds show a greater tolerance to c<dd As shown in Fig 1 the o\a gen con- 
sninjitioii sie old\ declines with a fall in bodv temperature prOMcled the 
•'hncriiu! reaction is earefiilh controlled aii<l the arterial owgcn saturation 
maiut in< d \t 2u'( fgs' I ) it is approMinateh ]'> per cent of normal The 
t'uliiri on r« warming is much the same with a similar gradual increase in 
ei\A L'M e onsutnption is the boch temper iture rises 

I II. 2 lb moustr-'tes i gridual fill in blood pressure in the initial stages 
oi looltti., '’ml I moT' rapid decline below a bods temjeerature of 24 ° f. 

^ 111 ar* rite and eardi le. output show a more progrtssm. f dl 

during 11 olmc. Tin e i-dio\ascular state returns to normal em re warming 
Till \ I noils pn ssiin risi s s|n_hth dnnng coolin'. If the positue ]iressure 
arti'i'I d rispirition is amorous md euir i long pi nod of tune there is i 
tri i< - riM in a I 'mns pr< ssnri ' 
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suggesting cerebral anoxia -nere identified, and the normal tiacings appealed 
on leuaiming Beliaiior tests in monkevs befoie and aftei cooling Mere 
sinular 

In biochemical studies both Fleming and Suaii demonstiated that pH of 
the blood can be vaned i\ithin rather ivide limits, depending on the late and 
depth of positne piessure ai-tificial respiration -irith puie oxigen^ * (Fig 4) 
Animals appeal to tolerate lou bodi temperatiiies bettei if then pll is mam 



RECTAL TEMPERATURE 

degrees centigrade 

Flc 1 _A fall ot ox>Een consumption accompanies reduction ol bcKl> n^mreramre All 

talues nhlch were taken under controlled conditions fell in the lined area (From 

Ph}- 3 lol ’) 


tamed nboie normal Siian also noted an interestmg chop m senim potassium 
under the condition of In-pothcrmia plus In pen entilation He adi iscs the nitra- 
atiml injection of potassium as ticatment for lentiiciilar fibrillation 

Since \entricular fibrillation and cardiac standstill are not uncommon 
complications in hypothermia, and since one or the other iinanabh occure i 
the body temperature is reduced to too lou a ley el, a knoit ledge of cardiac 
resuscitation is impcratne To improyc our ability to resuscitate animals m 
cardiac arrest an electrical artificial pacemaker yens designed'^ yiliich stimula cs 
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tin s \ ikhU aiul amII in.iiiilnin heart rate niul blood pressure in cases of 
( mine standstill at low liod\ tcmpeiaturc This has been combined with a 
(h fibnllator in a Miiple resuscitation unit The electrical pacemaker has not 
had a saticfaeloiw clinical trial as Mt 

Keiiorts fr<nn Hocrema " Cookson ‘ Delorme,'' Swan'® and their co workers 
ha\( (kinoiiatrated the siucessful application of the principle of InTiothermia 

Rectal t"orrLpapatULrc degrees ccntcgrcidc 
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Fig 3—Electroencephalographlc changes In hjpothermla. Changes noted during cooling 
of a monkej to a bod\ temperature of 20' C (68 F ) vlth rewarmlng There was a general 
depression of waNe forms «lth no e\ldence of cerebral hj-poxla and a return to normal on 
rcnarming (From A XL Arch Surg’) 


EFFECT OF RESPIRATORY RATE ON 
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Flc I — \ summam of cliangi s that occur In the blood pH and COr content nt a 
temperature of 20 C (68* F ) There Is a wide earlatlon depending on the rate and ‘'ep 
of poaltiM pri‘-lurr \entllatlon with OT^gen during cooling (hrom \ M A Arch surg 1 
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<.0 < NP< rniK Iital intrncnrdnc procedures It has been demonstrated that a lo« 
lii.dTi tanjif r dure incm‘:rs the time during ^ hich the circulation ma^ be intei- 
rupifd In moiikeis at l>od\ temperatures of 1C° C (Gl° F ) to 19° C (66°F), 
AM vfi. ibb to rNcludc the heart from the cirrulation and open it for 15 to 
24 mmuti s A ith ‘mri n al in 12 of 13 e\poriments 


nmtion —The limiting factor in general hvpothermin both CACperi- 
lu'ut ill\ and (bnicallA is the daneer of cardiac arrest at low bodv tempera¬ 
tures p irtiriilarh bclm\ 20' f (08=' F ) The influence of age in this matter 
IS interest me since a mine animals displaa i mueh better tolerance to lovr boda 
tempt raliire Vdnlph” has shown that infant mammals mar be cooled to 
timperiture ns low as those that are tolerated be hibernating animals 3° to 
5' < (’,7'to 41'r ) W> Imc cooled a in week old puppy to 10° C (50° F ; 

e itli sure i\ il so it would appear tlial animals and veiw likclv human hcings, 
lost tlifir toleraneo to low hodi temperatures as ther mature Those facts 
h lit ifftirdtel a stmuthis to iinesticate wais of rceaptnnng this characteristic 
of the earle stasis of life L\ielenee is aiailahle which indicates that human 
infants jxim-tss a similar remarkable tedcrance to h»w bodi temperature 11111011 
tircsumabU is lost v ith acc and inatiiriti 

1 or sr\f rd 10 irs our team has tried larioiis biochemical agents .and tecli- 
nie il iireu eebire s in order to make coolinc to low bodv temperatures a •^afe 
Itrei'tdiire and eliminate the eomitheation of cardiac arrest The influence of 
such ibniLs ns balloon ohstmction of the aorta imcntion of the coronan 
art( ne s mel e \saumiuntion w ith i e transfusion Ins been studied Tliese mam 
1( (lions esprrnne nts hue met with onh n limited improicniont in our toch- 
iiKim of ronlintr 


\s nnntlifr ai»proach to the problem n stiidi of hibernation h.as been 
mitnted The cromidhotr will not onlr lube male at bodi temperatures ns loi 
^ J ’ hut hr cm be artifieialh cooled to this leiel bi using .an 

am sthe tm ,\t tins i( nipcratnre the cirrulation lias hr on inte rnipted and hoail 
e'P'md from one to (\ o bruir jie nods on G gromidbogs with 5 sunnals In 
n ttMiijit to disioAer the srcrct of tins uniisiinl lolerntiee to low bodi tem- 
]> ritnr.s bioiljemiral stu.Pf.; •vv^re made of the blood both at normal hodi 


ti Mipi ratiir. s -.nd dnnne stacrs of hibernation’ Vo sm'Dificant hiochrmic d 
ihiiiuisdi tlo ord'rwliifh rrucht e \plaui the aboi e lelunomcin v rrc found in 
1’ • Mild,] sttidie s df ilif croiinrlho" Thus his unusual enbl ti>lf r ince Ins heeu 
.ttrilui’i d to a Into rii ituie "laud 


Ildus 111 this tliuil 1 oTili] indmi* tint it is ni rmlocnue glam] of cou 
s d< lb. SI I ritlur t’ 111 a sidrag. el md and liistologmlU sdi,,, \ Int re 
'"‘'J ^ 1 h< r. in two lire discn t. siLtmuts eif (hi 

‘ ‘ ' but It Is elitTlIse li jdariil tlnou._hdUt the cllfst 
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tractmg this gland for the past two yeais, in the hope of obtaining an active 
pnnciple which, when uijected into nonhibernating animals and possibly hu 
man hemgs, 11011 improve then cold tolerance 

Present Research vi EypotJienma —The present-day expeiimental approach 
to the problem of direct iision suigery of the heart is being studied inth the 
use of (1) extracorporeal circulation, (2) hypothermia, and (3) a combination 
of extracorpoieal circulation and hypothermia Those studjong hiTiothei mia 
are lowering the body temperature of animals and human bemgs by (a) surface 
coobng and by (b) exti acorporeal direct cooling of the blood vnth or mthout 
the use of a pump 



RECTAL temperature 

(degrees cent) 


Fig: 6—Hjpothermla for poor-risk cardiac surgerj A eraphlc Illustration of the 
ciples emplojed In using hjpothermla as an adjunct, A bodj temperature of 30* C (S6 F ) 
under competent supervision Is safe for adults and children The resulting reduction In 
oxjgen requirements to about 65 per cent ulth maintained blood pressure appears to reduce 
the risk of surgerj in poor-risk patients (From S Cllru ^.orth America August 1964 ) 


Extracorpoieal circulation studies have reached the stage of sncecssful 
clinical application bi Gibbon and others 

Hypothermia appears to be safe iihen used as an adjunct to ordinary 
surgical techniques, but in order to improve the safety of louei liodv tempeia- 
tures hypothermia is under study in many centers No attempt will be made 
to summarize all the current leseaich that has been reported To study tlic 
mechanism of cardiac failure at lou bodi temperatures, Lange and assoeiates’-’ 
bale produced eiidence uliich suggests that this is essentialh a hypoxia of the 
miocardiuni Peniod’' feels that the oxvgen utibzation of the heart is normal 
at 20° C (GS° r ) Eduards and associates,'" uorking uith R J Bing, found 
that the aerobic cnergv uptake and left lentiiculnr uork both decline, but the 
proportionately greater fall in lentneular uork suggested a failure of me 
chamcnl efficiencj of the heart in the cold state Hegnaucr and Penrod’' and 
Jinenclle''’ liaie leported interesting studies on the cardioi ascular dinamms 
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nt l.A l.o<]\ t(mpent\ir(“: The latter has noted that the mvocardial oxvgen 
cnn-ni iption dunnc -vcntncular fibrillation in the cold state is not greater than 
il -t «i nonnal heart action at the <:aiiie temperamre 

In anaUrni!: the results ot studies m hvpothermia it is important to note 
tl'* hod\ tc ipcratures used m the stiid\ Cookson Hing and^MianhaM made 
ni'ist of their oh-enations at temperatures above 24^ C F ) Our studies 
e "uhl sunsiest that something uninvorablc hippens to the animal below 24- C 
(T'l I ) Therefore it is the range oi 20- C F ) to 24° C (75° F} th^’t 
requires spttnl attention 

In > ombimnc heqtothonma with extraeorjiorcal circulation the loael upon 
th< owciiiatina sistcni is reduced luacnellt’'' and Gollan ’ cooled animals 
to tniqi ritiiri s below the stage of cardiac irntabilita and aiiest thus allow- 
inu i mon prolonced interruption of the cireillation and subsequent rewarm- 
inc ind suniial Delornu*’ reports that extracorporeal tnohne of the hlooel 
rvdvnts ilie ‘ stress effect of hvpothermia One oi us (W T M 1 is usinc 
tins eomhmation eeath a biologic lung ox\genator 

In the stnde ot pure h\ pothcrniia it mav be that one nail not be able to 
<ontn>l Miitnciilar fibrillation and cardiac standstill nithout a clear undor- 
Si'indinc of svieh fundamental proMems as oween tiansier from blood to 
tn-ms and mrie conduction at low hod\ temperatures Infint annuals and 
hilti'■natini. animals mae ha\e a sninl, r tape oi tissue metabolism which niav 
rcfjuiri stud\ 


Tur CLINIC \n \iruc\TioN of ini'OTnrjiMu to cximnc sitgept 

Tlicre would appear to he two iiiaiii uses f<m lupotherniia in cardiac sur- 
m n 1 1 1 to allow intrncardinc exposure with internijilion of the circulation 
and (2> as an ailjuiict to render certain snrmc.il ]iroeedurcs upon poor risk 
c^s. s more snic Twenta one cases oi coolmt: to temperatures of 20° C 
1 ) to Ip (' 1 ' ) urc rcportotl 


lf''j it! frmin for Inirarardvu 


Proi. fdurr ^— Lewis and Varco aeerc the first 


to report a sincessful case of intraeardiac snrgtra a ith hapotliermn ' 
1 ' Ins reported a similar use ot hapothennia ami recentla swen" has 

cue II nirllie r impetus to this aaork ha remarkable success m the treatment of 
lU'ritrnl s. pnl ehucts "ind pubnonara ste insis ba tlirect aismn tecbnn|Uos 
Till simplest nuthoel ni mterruptme tin cire ill itnm thronuh tbo heart is 
the tv ei aetiac c i\ t< nml tlie ara uos \oin '^w in points out tlmt 
dis e n p, tide rate il It nonnal beeda tenij'e ritiire with no risk lor one' aiul 
" lea’fiimutes li iv usinlh e euice ihel tb it o thn e to lour miimt*'cxe liision 
o tie 10 ,-t iroTi the e irriiHtion is oeissibh with an ar< e]>t ibh risk ludc 
>> e !r 1 (Mr o'aLen ('oiisiimption studies with i 50 jeer ciiit re'lur’tmn in 
oaiLe 1 (h III ml 1 * 1 Iiode te injee r itiin oi aheeiit 2^' ( i''F 1 ' oiif' maa 
' '■'Ltisth sxii iiiterrnjetiem eu 'he eireiilition lor SIX to < leht nnn- 
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In acquired heart disease, intiacardiac proceduies with hypothermia 
■v\ould not appear to haie a significant application at the pieseiit time The 
common lesions are usually found m adults ulio toleiate lou hodi tempera¬ 
tures less yell, and satisfactoiT bbnd intiacaidiac pioccdures are being de 
1 eloped The placing of homologous or plastic lalves yithm the henit undci 
direct Msion would require too long a period of mteiiuption of the circulation 
and too lou a body temperatme to be tolerated with am degiee of safety 
lyith our piesent knou ledge 

Congenital heait disease, on the other hand, ofteis a uide yaiieh of dc 
fects and a great deal of scope foi the imagination in designing methods of 
suigical eoriection under diiect nsion In an attempt to anahze the pi oh 
lem of applying intiacaidiac piocedures inth Inpothermia to congenital heart 
disease, Table I is piesented 

TvBIF I HYTOTITERMIA for iNTRlCUiniAC PrOCFDURES 

BODY TEMPER ITTRE AND PETIOD OF 
INTERRETTION OF CIRCCIATION 

_ DIAGNOSIS _ _ LlKELl REQUIRFD _ 

1 Complicated Anomalies 

Transposition of great vessels 

Tricuspid atresia 20° C to 15° C (68° F to 59° F ) 

Total anomalous pulmonary venous drainage 15 to 30 minutes 

Etc 

2 Interventricular Septal Defects 

Simple interventricular septal defects 

Eisenmenger’s complex 20° C to 15° C (68° F to 59° F ) 

Tetralogy of Fallot 15 to 30 minutas 

3 ‘simple Anomalies 

Pulmonary stenosis 28° C to 2-1° C (83° F to 75° F ) 

Interatrial septal defects _ 0 to 10 minutes _ 

Tlie patients uho belong in the fii’st group of complicated anomalies arc 
often infants uho do not surine much beyond the fiist yeai of life There 
are seteral problems which anse in the surgical coirection of these defects 
They arc usually poor surgical risks Multiple anomalies aie common in a^- 
sociaton with the mam defect, and accurate diagnosis is difficult One en¬ 
counters a yery practical problem in attempting to operate upon these patients 
The heart is usually so large that it occupies most of the thoracic cage and 
leaves bttle room for surgical dissection without preliminary embarrassment 
of the heart action Wide exposure, such as afforded bv a transstemal incLSion, 
IS usually required 

The highest incidence of cases comes in the second group of intenentricu 
lar septal defects of the three types named The proximity of the conducting 
mechanism of the heart presents a technical pioblem in any attempt to repair 
these defects under direct yision The majoritj of the simple interventricular 
septal defects appear to have a rcasonablv good piognosis without operation 

In the repair of the third group of the simple anomalies (pulmonarj steno 
SIS and interatrial septal defects), reference has alreadv been made to the 
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r(pf»rt^ of o sntcc^ssfnl ‘•tncs of en'^cc lt\ S^\^n and Levis '^wan belie%cs 
tint thf results are hrlter vnth the dimt Msion approach to pulnionarv steno¬ 
sis than tin stand ird P.rock aahotonn A similar oompaiison hetv ecn the 
opi n and closed teehnuiue of repairing interatrial scjital defects Mill also 
pro\e inteustinir The time required In correct these elciects can he ohtained 
it a fairh safe hoda tenipei ituie lead ^Vo feel that soniethnie: more should 
he knoaan ihout the natural life hislora of interatrial septal delects Our e\- 
Iienmec aaouhl siiirfiest that aounir children aaith interatrial septal defects 
aaho deaelop failuri are likela to h.iao assoeiatcsl anomalies ‘so far aac haae 
ixin itsinir a dosed technniue in adults 

kiur trrouj) in Toronto has hern rither roiiseraatiae in applaunp haqio- 
fiii riiiii for intruardiac iiroieduus In (oo])i ration aaath Dr John D Keith 
md assod.ites oi the Hospital tor ''uk r’hildrcn three patients of the first group 
of (oniplKated nnonialies hna< Iiten opt rated u]ion at hoda temperatures 
of JO" to Jl° f fOs'’ to I ) aailli out suict'-sful eorreetion of the defeit 
aaitli siiraia il A jiaticnt aaith Iritiispid atresia and one aaath jnilmoiiara atresia 
aant ojk latcd iijinn ha an intraeaidi u apjuo idi aaithoiit suralaal The first jia- 
iKiit tolerated inteiniiuion ot tlie eiriulitieui fortaaenta niiiiutes aaith trood hcait 
idioii AVe aaeie jileascd aaith tlu a ilut oi ha jiotluinil i and the iin reasc in 
irteriU oxaceii siturition issot lated aaith loaacr hoda temiieraturc The 
siKttssuil ease aa is i total anom ilous juilinoii ira aeiious draiiiatjc eorieclcd 
siircii alia ha one of us (\V T M ' ha aiiastomosnitr the coiiiiiioii jmhiionara 
atiioiis trunk to the aaaist oi the hit uiiicle This entaihil jiartial ohstrin* 
lion of the piilmoii in aenoiis dr iiiiact lor ihirtetn inimilis and total intc" 
nqilion of the tin illation for si\ nnnutis Tin lain old diild is rnnarkahla 
iiMjiroa I d 

N'o inti 1 a eiitrii 111 ir s( ]>t il di tuts haae hem oju r ited ujioii under direct 
a iMoii It IS ohaioiis that hoth this croup oi i ascs md the r oniiiln atecl anom 
ill's aaill n (pure i filtem to thirta ininute j>i nod of inti rntplton of the eir- 
'iilitton fi,r in aihquiti (ormiion oi the <hftet This aaill mtiil a hoda 
t'iiipi r itiire eu JO" to 1 T~ ( (fis" t,, "><1 ] i Tlieti are not onla tedinual 
difiii tiltii s IS nimtionid hut tlusi lioda tnniieritures an in thcinsdaes 
d inc< rolls 

Tvo othir intrai ndiu pioMdurts \a<n itlmqitid a itli latal risults vi 
I'll- Si rji s dm IS 1 puhnon ira a ilaotonia itndi r dimt aision in an ad 

’ll I d I isi ihi otlu r a is in i rror in tin pi< opt ratiai diaciiosis 

liilin 'nil 11 surcira uinh r ha pot In run i tor i irdi n disi so aaill 111 i la 
aa lit siiir tidinniuis of (oolinc h'loii tills iiMthod is citnrilla aiiijited 
■a ill siir^i oils II Is -1 stniiul itinc fn Id ot nia < stiL ilio 1 hoaaiair sun i soim 

h I' nil lilts '■iid I Inldn II sink is tin i ist s oi tr'iisposuion of cri it aiss K 

' ’ " ’loi (oiI\ tillin'1 oils lilt Iso hop' 1 ( ss 'sii'iissuil (o-r*(tioii ( "ill 1 
' ri 1 tia < la iiorin il In irt 

// 'p '7 rj II I tiv II \iljuv(' in /Vir/iit fnr,ftr, r i —] m T n p 

’ I’ll Ha tin prim ij 1 i mploa i d in iisiiic. 1 ' ] ' In-i ii i is ni nljutn • 
'■ ^ ‘ • 1" r tioiis 1)1011 )'. r risl jiiinnts T h, lol\ t, nipi r- 



472 


THE JOURNAL OF THORACIC SURGERY 


ture of 30° C (86° F ) is safe for both adults and childien At that tempera- 
ture, judguig fioni cxpeiimental eiideuce, the blood pressnie should not be 
senonslj' loireied, and the oxigen leqmrements should lie ieduced to about 55 
to 65 pel cent of noimal Our gioup has operated upon sixteen patients uho 
■were verj- pool risks at body temperatuies of 30° C (86° F ) or sbghtlr lo-iver 
About one-half of these uere childien The indications for its use ui con 
genital heait disease have been (a) maiked cyanosis ivith an aiteiial oxygen 
saturation usually below 68 per cent and (b) cases wheie paitial occlusion 
of the cii dilation may be necessaiy in ordei to complete the procedure 

In the group of acquired heart disease, hypothermia has been used in those 
cases where heart failuie has not cleared after several weeks of hospitalization 
on a strict medical regimen Most of these patients wei e cyanosed 

Table 11 lists types of cases that have been operated upon in this group 
at the Toronto General Hospital and the Hospital for Sick Children 


Table n Hypothermia—ax Adjunct in Poor Bisk Cardiac Sorqert 
(Patients operated upon) 


ADULTS 

1 CHnnrEs 


Mitral stenosis 

7 Tetralo^ of Fallot 

1 

Aortic regurgitation 

1 Tricuspid atresia 

1 

Interatrial septal defects 

I Pulmonarv atresia 

1 

Thoracotomj 

1 Transposition of great vessel* 

3 

Body temperatures 

24° to 31' C (75' to 88' F ) 


Total cases 

1C 


Operative deaths 

4 



As indicated bv the table, a mortabtx'’ late of 25 per cent appears rathei 
high In addition, one patient mth mitral stenosis died in the postoperatnc 
peiiod, and tuo of the patients mth congenital heait disease died one and two 
months, iespectiiely, aftei opeiation Thev repiesent a gioup of eases, how¬ 
ever, where operation at normal body tempeiatiiie would haAC either been con 
traindicated, or where a much higher mortality rate than 25 per cent lAOuld 
hai e been expected 

In the congemtal group the procedures carried out ivere Blalock op 
eration, pulmonary Aahulotomv, and Aena caval tiansplantation for trnns 
position of gieat acsscIs The arterial oxAgcn satination lose fiom an oAcrage 
preoperatiAC level of 69 per cent to an avenge of 78 pei cent after cooling 
and at the commencement of the opeiation 

Of the 7 patients A\uth mitral stenosis, 6 Avere in chionic failuie and all 
had some peripheral and sacial edema Fiac A\ere CAanoscd, and m those 
cases AAhere an arterial oxAgcn saturation was obtained at rest preojieratnelv, 
all A\erc beloAV 90 per cent Four had ascites and pleuial effusion A\hich did 
not clear A\nth medical treatment They aacic all cmaeiated and maiiA liai 
been in chronic failure for scAoral Acaix Two patients had ceased to respond to 
diuretics and aacic in an obAWOiis terminal state TIica aacic treated Awtli corti 
sonc for ten davs preoperatneh Fig 6 sIioaas the chest \ roA of two patients 
AAUth mitral stenosis operated upon The patients AAith aortic regurgitation ha 
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been in chronic failure in bed for foui months, and it was felt that Inpo 
thermia would allow a longer peiiod of interruption of the aorta and leduee 
the danger of spinal coid injuiv 

In the acquired heart disease group, the profound and sustained fall in 
blood pressure "which usually accompanies opeiation at normal body tempera 
tiue upon such patients was not encounteied In the magoiit's of these pa 
tients the blood pressuie yas maintained above SO mm Hg sistolic, with 
good heart action which tolerated manipulation and showed no tendenci to 
develop lentnculai fibiillation 

One cannot conclude an'sdhing fiom such a small senes of cases, but it is 
our film impiession that using hypotheimia as an adjunct makes opeiation 
possible upon some of these otheiwnse temiinal heart cases The degiee of im 
pio^cment obtained in such patients ivith veiw laige hcaits has been lemaik 
able Our opimoii of hA-potheimia as an adjunct in caidiac suigeiA is sup 
poi ted In the reports of Dogliotti,-® Bailev,^^ and Muller 

TECHNIQUE 

The technique of cooling patients is not as yet standaidized in oui center 
Both cooling blankets and cold-y atei baths hai e been used In adults it is 
more piactical and appeals moie to the esthetic sense of the opeiating room 
statf to have them cooled ivith lefngerated blankets Infants and children 
maj be cooled eithei nay They aie "very simply cooled by being placed m a 
cold-yater bath at 6° C (37° P ) This pioduces moie lapid cooling than the 
blanket technique The late of cooling also depends on then weight Some 
infants ha^e cooled at the late of a degree centigiade eieiy two minutes The 
disadvantage in cold-vatci coohng in infants is the gieat drift of the bodi 
tempeiatuie after they have been icmoied fiom the cold-yntei bath, yhicii 
IS a result of the lapid late of cooling The use of cooling blankets for chil 
dien pi 01 ides bettei control of the body temperatuie In all cooling pm 
eeduies vitli an adequate cuculation, the diift of body tempeiatuie after ri 
moial fiom the cooling medium is dependent upon thiec factois (a) rate 
of cooling, (b) "weight of the paticut, and (c) tempeiatuie and humidit"\ of the 
operating loom 

Our present tccluiiquc of cooling iniohes the use of pieopeiatne admin 
istiation of Pheneigan Laigactil,* and Demerol These dnigs mai pro\e to 
be a gieat aid in the deielopment of oui cooling techniques Laigactil is a 
ganglion blocking agent uluch depi esses the shnering leflex and a rtpe of 
sedative uhich acts unthout depiessing the respiration Pheneigan and Lar- 
gactil together potentiate the general anesthetic Demerol vas added for its 
general sedatne effect With the reduction of the shnering reflex and Imdi 
temperature is allowed to fall, under the effect of sedative, pronded it is in 
1 cool enMionment 

-Idii/tf ha\c been gnen lO to 100 mg each of Pheneigan, Largactil and 
Demerol intracenousB or intramusculaiB o\ci a one hour period before ap 
plication of the blankets These drugs arc continued intrai ciioiisli diirinc 
cooling at approximatch 34° C (03° P) anesthesia is induced with a small 
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athei mv clevice"' i cv, arms as rapidly as immei sion m ai arm ater On tv, o oc 
casions the tempeiatuie drifted to aLo^e normal Theie ha^e been no other 
deleterious effects fiom the diatheinn technique Oiii present opinion is that 
at temperatiues above 28° C (83° P), the patient should be levarmed in 
simply placing him in a bed mth uaim-vatei bottles The ivatei boltlcf. 
should be renio’ved at a bodi tempeiatuie of 33° C (91° F ) Patients that 
have been cooled to tcmpeiatuies belou 28° C (82° P) should be rcmo^ed 
rapidly fiom this dangei zone bi eithei waim vatei oi diathermy rev aiming 
This should be earned out once again to a body tempeiatuie of 33° C (91° F ) 
and the ie\yaiming completed vith the patient in vaim blankets in bed These 
techniques vill undoubtedly change mth moie e\perience 

DISCUSSION 

The term “hj potheimia” is bemg used at piesent to deseiibe am lower¬ 
ing of body tempeiatuie Nev teiins mil be lequiied to denote diffeient 
bodi tempeiatuie levels in oidei to piomote cleai thinking The ieduction of 
the body tempeiatuie by a few degiees, oiiginnll}' suggested by SrcQuistonj^ 
to counteiact hypeipyie\ia duimg caidiac suigen in childien should be 
eleaily diffeientiated fiom the lovei bodi tempeiatuies attained at piesent 
when hjqiothcimia is used as an adiunct in pooi-iisk cases 

The nev teim “aitifieial hibenaation” used by Labont-* also requires 
claiification Ho lias intioduced the use of some ven inteiesting dings and 
IS developing a new technique of anesthesia As a lesult of the depiession of 
the heat legulating centei pioduced by his “hdic cocktail,” he has observed 
a coincident diop in bodv tempeiatuie of onlv 1° oi 2° C 

Hvpotheimia would appeal to be a phjsiologic approach to some of our 
pioblems in eaidiae suigciy It is likelv that with the cuirent interest and 
rcseaieh on this subiect, the dangei s of loweiing bodv temperatuie below the 
piesent safe levels may be ieduced 

SUVIVIVRV VND CONCLUSIONS 

1 Some of the physiologic and biochemical changes pioduced bv loweiimr 
the liodv tempeiatuie aie discussed 

2 The use of hvpotheimia foi intiacaidiac suigeiv, at piesent, has a 
limited application Safe bodv tcmpeiatuies do not allow a peiiod of iiitei 
luption of the ciiculation foi long enough to coiiect the maiorifv of caidiac 
defects 

,3 The use of hv potheiiiiia with a bodv tempeiatuie of 30° C (86° F ) i' 
advised as a useful adpinet in the caidiac suigeiv of pooi-iisk cases, both chil 
dren and adults 

4 TvNcntv one cases iic discussed These patients weie opeiafed upon 
at tempeiaturcs langing fiom 20° to 31° C (68° to 88° P ) 

Tlie LnrdioloRv slnffo of (lie Toronto Gontrnl Ho'-pitnl nnd Ilo'^pitnl for Sick Cliddrcn 
Dr P vr Campbell and Dr A O C Smilli of the anesthetic serMCC”, Dr D R VVipoii 
Dr B G Grapes, Dr A Sirek, Dr T W Rose, and mn^^ others cooperated in this work 
Dr R jr Tnnes, Professor of Surgorr, has sponsored and encouraged the work since it' 
inception 
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tlie performance of this operation In fact, in our onn series nine jmtients o\er 10 lears 
of age, the oldest of whom 1108 52 (her defect was successfulh closed), hn\e been suh 
jLcted to this operation Among the nine there i\as onh one death 

The second point I would like to make concerns the ahiliti of adult animals to tol 
erate profound h\-pothermia, hodi temperatures below 10° C Dr S\ad Nian, working in 
our lahoratori, set out to make a studi of the mechanism of death due to Inpothemiia in 
rats It uas our expectation that these adult rats nould die of \entricular fibrillation at 
about 15° C, ns had been reported in the past, but to our nmazement we found that uitli 
a careful techni(|ue of cooling and rew arming the\ uould tolerate much lower temperatures, 
temperatures prcMOush tojerated, with sumnal, onh bi hibernating animals, as Dr 
Bigtlou has demonstrated But there has been a striking ditlerence between the wn\ thest 
adult rats took to cooling and the u n\ hibernating animals respond In contrast to hiber 
nating animnls, the adult rats go through a period of complete cardiac arrest at the low 
bode temperatures which max last for a period of tno to three hours, with reco\er\ 

I hn\e here an electrocardiogram of a rat being cooled As the temperature falls 
below 15° C, the pulse becomes \cri slow At about 9° C cardiac standstill takes place 
I he artificial respiration is then discontinued and the nniinal is cooled further to a few 
degrees aboie freezing The animal is rewamied with hot water If there is oiih a 
tliirti to forte fie e minute penod of complete standstill, there are usualle no sequelae 
although some animals haee had neuro'ogic complications Oe er three hours of cardiac 
standstill IS not followed be recoecre Apparently post mortem changes take place cetii 
at these low temperatures 

DR HLNRy AK, 11, Deneer, Colo—I wish to pae tribute to Dr Bigelow and to 
bring to eour attention one matter of interest concerning the preeention and treatment of 
eentricular fibrillation m the hypothermic animal We arc talking about the same tempera 
ture ranges that Dr Bigelow is discussing, that is, from 20° to 37° C Ventricular fibrilla 
tion has been the primary bugbear in our laboraton in this temperature range, cspccinlh 
from 25° to 20° C In the discussion of Dr Sealy’s paper we are all acuteh aware of the 
intuit that IS going on with regard to potassium in cardiac arrluthmias Looking on 
nn<®tlrch diflerent aspect of the potassium problem, it was found In Dr Holmes and Dr 
irontgomery in our laboratory that Prostigmin potentiates the flow of potassium across 
the cell membrnne Working with this clue, we undertook to find the effect of Prostigmin 
on \cntnculnr fibrillation 

In our Inboratori in Colorado if sou make a right \ontricular incision in the cold 
animal \ 011 will get 190 per cent incidence of sentriciilar fibrillation These 23 animals 
seried as controls -Ml fibrillafed When gixen 1 cc of 1 4 000 Prostigmin intracenoush 
at about 30° C during the cooling process, eentricular fibrillation occurred in onh 7 of 
15 animals When Prostigmin was giecn to the animnls b\ coronnre perfusion (injection 
directh into the coronarc scsteni at the time of occlusion of the circulation) none of tin 
lb operated on fibrillnted 

\s \ou know, Prostigmin is an anticholinesterase one would presume that if 11 “ 
action was b\ potentiating the action of ncele Icholine thin one could acliiece the «nnie 
effect b\ gieing ncet\Icholine This pro\ ed to be the case Of the 5 animals, constanth 
gieeii acetc Icholine through the coronnn sc stem, none fibnllnted We made the additionnl 
experiment to see if autogenous ncefiIcholine also produced this result Continuous stmui 
Intion of the distal end of the cut xngus ner\e was protectice in 4 of 0 animals 

Coronnrx smus catheterization is nI«o n stimulus to fibrillation against which Pro 
stigiiiin was protcctne We ha\e had flic feeling that this agent was helpful in the last 
9 of the "I patients upon whom we Imce performed ojien heart siirgen 

DR C P B-\ILE\ Pliilndeliiliia, Pa—We too were stimulated b\ Dr Bigelow’s fine 
basic research and after a period of animal eyperimentation in Vugust, 1952, we pi r 
fonm d what I bcliece was the first intrneardiac ojieration under In jiotliermia It was 
four da\s before the operation performed In Dr lewis and Dr 5 nrco, but was much h “S 
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no surger\ bting performed Afain of the findings ■no ]m^e accumulated during this time 
do not completeh agree ivith some of the basic data nhich haie been reported and -n-hich 
form the basis for certain specific recommendations as to management of patients I think 
that tlarification ha*- to be made because if one has an animal or a patient ■n-ith an open 
thoracotonn and a cardiac surgical procedure, tlieie are certainh introduced additional 
factors beiond those resulting from hipothomnn Caial occlusion has been a part of 
some of the procedures, which lu itself produces certain changes 

Ate hale operated on eight patients under Inpothemiia about half of them brought 
down to 23° C and half to about 31° C The niortaliti nas about 30 per cent The second 
point I wish to emphasize is that I do not think hipothermia plaied a major role in the 
mortaliti', since the patients who did not suriiie were those who had large septum pnmum, 
transposition, or a condition of a serious nature 

Last week we had a sad experience with an adult uith an arterial saturation of IS 
per cent from a tetralogi of the infundibular ti^pe ATe had planned to keep him at 30° C 
but he drifted unpredictabh doiin to 25° C At that point he Obrillatcd, as we were open 
ing the chest AVe tried electric shock scieral times and c\ en potassium chloride, with no 
success In addition, wt performed cardiac massage for a considerable time I think Dr 
Ralph Adams is quite right in feeling that the fibrillation problem is not ict a simple one 
In the older adult group nitli abdominal aortic aneurisms, I have preferred to try 
the Labont drug hibernation technique I liaie used it on three old high risk patients 
with satisfactorv results I was afraid to use surface livpotherniia in that group, although 
I understand some surgeons haie done so 

DR AV G BIGELOAA ((losing)—I should like to thank the discussants icrj much 
Dr Lewis made a remark about cooling a rat down to \en low temperatures with cessation 
of cardiac function for long periods, and rewarming This is a function of the Inboraton 
animal which he has used He is u«ing an nnininl which is small and can be rapidly cooled 
and rapidh rewnmied This experiment is diflicult to duplicate on an animal of larger 
bodt mass, because its bodi temperature cannot be lowered rapidlv bx ordinary surface 
cooling techniques In the time that it takes to get them into the low temperature zone, 
anoxia due to cessation of cardiac function would interxcne and put the heart in a state 
where it could not be resuscitated It is an interesting experiment This is possible in 
larger animals such as tlie groundhog One max cool them to 3° C and interrupt their 
circulation with the heart open for one to two hours, xvith surxivnl In these animals, 
howexer, the heart continues to function, and circulation is maintained 

Dr “swan's use of Prostigmin is xerv interesting AA’c liax e been rather parallel in 
our thinking both regarding the effect of hxperxentilation and now the significance of the 
acetxIcholino mechanism which has caught our interest I agree with Dr Bailex that the 
present most useful place for hx potlierniia is ns an adjunct I might niake a comment on 
Dr Detcrling s problem of drifting of the bodv temperature after remoxal from the cool 
ing medium There are two methods I)\ which xou max cool an indixidual, with blankets 
or with a cold xvater bath In adults we like to use blankets and, if the blanket is good 
and cold xvitli the help of ice bags one can cool patients fnirlx rapidlx It is somewhat 
more esthetic to the operating room staff to hnxe the adults in blankets llowexcr, in 
children both blankets and cold xvater baths are acceptable The adxantagc of cold water 
IS that It cools them more quicklx The disadxnntage is that thex drift more and it is 
dilbcult to control the tenipcriture once xoii take them out of the bath The use of 
blinkets in ihildren is acieptablc liecausc it gives a mori t onstant tempi rntnre xrithout the 
marked ti ndem x to drift 
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P I EMOMC btcnoMs in (lit int'-UKc of m lutiLt \tntn(.ular septum is pti- 
ln]>s tlic most gratiUini: aiul s»tistKtor\ t\ pc oi mlt-iciidiuc lesion nith 
which tlic present cla\ c irdun istuhi surp«on nnist deal I or this st itc ol 
ifTairs tin proiessum is uidfhtcd to tin initiil ciTorLs oi Docen’ in J‘)l j mid 
iiiori niinth, to s,illors utd Drock wlio \ < n iiistiiiiiu iitnl in the diMloj) 
iiHiit of till dirut siirpii il ipproath lor the uliii ol this condition The 
pisiti\( MirshiM witiussi d w idi s])r< id intiii st 111 till iirohlom id stiiutuial 
ohstnn tioiis \\ithin till ontilow trutoitlu ncdit lentiuh 

"siMnl iinI stiL'itors' hm iijiortid tint inihnoiiic stenosis is iisu ilh 
\ ihniir m tepi whin tlo intineiitriiiiiar si])iniii is inlai t whereas m iii 
fnndihular 1 \pi ot stmosis is < oniinon in tin piisnni oi ui inti r\i nti ii nl ii 
SI )iinl di ii 1 1 Till puriiost of this eomiiiunii ition is to jirisi nt the findiiiLs in 
SIN \»iti<nts witli pulinonn stniosis oi the iniundilnil ir tspi Init in whnh tin 
MUtnmlvr si ptuin was mt et lii fui pitiints the iniundihul vr location oi 
till sti iiosis w IS siiLC’i still pri ojn r dm h In roiiituino^i iphii iiu iiis uni h\ 
I irdi II e din ti ri 7 dioii m ill SIN ]utiints tin dnmiosis w is lonnimid d 
siirei r\ 


lor tin silo of sitiipliPite liiri liter whin imlmoiiu stmosis (\jihiilar 
iiiuiiniiiitil ir or I iiiiil nil (D ormrs in till jirtsimi id an nd u t \ mt rn iil u mil 
il SI jitniii It Mill l„ riurrtd to is pm, ]inIinoiui stmosis li piilinonn 
sii iioMs 111 I iirs \ ith 111 lilt a, I iitri, nl m sr pinin Put m m, -j,, ml e rain il mm 

t mnii ition i ], di id fm oik n ,,i d, or true itri il si jit il di i, 1 1 ' it w ill In i e 
t!, d as •! 1 tnloee Id 1 ail'd ■’ 


III •' I 
f r« - 

• M T 


11* sii. us ami sv iiipto )is I oiiiiiioii to tin s, two,iUitiis that is jinn jiul 
III si.mss uni tin oj 1 ,r, ,,l,iid t,, ni Hurt isi I pri ssun 

ru'd m’-nl, uni oiim to a d< i r< is,.! jinliin n r\ hp od Ipn In 
' emirii], ■ ims m ism,iiU!,,!| \ jtp puliin nn 

mTimhr s, ptiini md t! . prx-sur, m tin 


I 1 ur ui'J 
t J 


n in Uj* u \ 


j 


^ » • 

* ' •* r 


1 ! 

If 


> \ 
't'-l 


1 


\ 



482 


THE JOURN’AE OP THORVCIC SUROFRT 


piilmomi"\ aiteiy is ah\ays loiiei than that in the light lentriclc Incicased 
light lentiicular piessiiie inaj also occm in am anonialj chaiacteii/ed bi a 
laige left-to-iight shunt or m idiopathic piilmonaii 1113)6116118100 but in these 
conditions the pressuie 111 the pulmonaiy aitei'j is also elei ated 

Inadequate pulmonaij- blood flon may lesult fioin failuie of one 01 both 
leiiae caiae to entei the light atuum or fiom anatomic obstiuctioii at ditlei 
ent lei els m the light side of the heait and/oi in the pulmoiiaii aiteual tite, 
foi example, tiicuspid atiesia, Ebstein’s disease, pulmonaii infundibular or 
laliulai stenosis, pulmonaii atiesia, 01 111 seieie pidmonaii hipeitension 

Theie is no knoim natural mechanism to lelieic the high piessuic in the 
light lentiicle, although suigieal piocediiies may affoid some lelief foi the 
eleiated pressuie in some 133168 of malfoimation Fuitheimoie, although pei 
sistent patenc 3 of the ductus aitciiosus and the estabbshnient of a eollateial 
cndilation may paitialli compensate for an inadequate pulmouaiy blood don, 
the foimer usuall 3 ^ affoids onl}"^ tempoiaiy and often an incomplete blood 
supply, and eollateial ciiculation is often insufficient to maintain an adequate 
pulmonary blood floii The establishment of an adequate pulmonan blood 
don has been made possible 111 a number of these conditions In diffeient sni 
gical pioeedurcs, such as S 3 "Stemic-pulmonary artery anastomosis,’®'” lahot- 
onn,’- ” and infundibular resection”” In others no suigical amelioiation 
has been feasible to date 

Frequency —Pulmonic stenosis as pait of the tetialogy of F.illot is one of 
the most fiequent malfoimations of the heait* and is ccitainh the commonest 
lesion in the cyanotic gioup of congenital heait diseases Puie pulmonic 
stenosis and tiilogy of Fallot haye until ieeentl 3 been consideied leiy laie 
malfoi Illations of the heait In Fallot’s® senes of 40 cases of e 3 anotie congeni 
t<il heait disease, 7 iveie examples of the tiilog}, that is pulmonic stenosis 
inth an intact lentricular septum, intciatrial communication, and right icii- 
tiiculai hipeitiophi In Abbott s” scries of autopsies tlicie iicie 25 nisfanec'. 
of pulmonic stenosis inth an intact lentiiculai septum in 1,000 cases of con 
genital henit diseases, of these, 16 had a patent foi amen oiale, and in the le 
maindei the iiiteiatiial septum was anatonuenUr closed In Escallcs’" senes 
tlicic iieic 16 instances of pure pulmonic stenoses as compaied to 21 of the 
tiilogi of Fallot Rn Aithur Keith"'’ in 1909 yas piobabh the fiist .uitlioi to 
call attention to the oecurience of pulmonic infundibulai stenosis inth an 
intact lentriculai septum In 1949, Greene and associates,” rcMcwing the btci 
aliiic dealing yith pulmonic stenoses inth an intact icntnculai septum, found 
17 instances of infundibulai stenosis in a total of 68 cases, ni 3 of these tlieie 
yas also an associated lalmlar stenosis Selrei and coyoikeis," in a stiidi 
including 23 selected cases of pure pulmonic stenosis, found 3 instances of 
iinocaidiil infundibular stenoses 2 of menibianous nifundibulai stenosis, and 
13 of sah-ulni stenosis, of 29 eases of the trilogi of Fallot, tlicie was onh one 
instance of ‘snbiahnilai membrane” the stenosis being lalnilai in the le 
niaining 28 patients In a senes of 25 cases of pulmonic stenosis yith intait 
scntiicular septa opciated on In the authors, there yerc G instances in yhnh 
the stenosis y as infundibular or combined lal-nilar and infundibulai 
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Dxnnn'i K 0] Pidmomc iri//i lriac> 1 aitricnlar Septum An in- 

(mMi.L niomit of (lininP’ " - “ clcctraoartliogiaplnc roentgeno 

‘ nniriocirdiocTipliK ' ' i>hvsiologit-p 3^ siirgit.il 
I' ‘ iii(] unt(.>ini( ' data concerning tins imlformation lia\c been 

,,mnuht,d in nunt %. ir- The lornhtion ot these data Ins made pos- 
sihh i ritlur aunritc (linnnl dnmiosis of pulmonic stenosis with intact 
cdilriMilir sr[itiini llouocer to d ite a (hfnvtur dnmiosi-, of this malfoima 
lion ( II 1.1 inidc onh In intcrprctinc the rcsiiltN of cardiac catheteination 
The sMiijitoms sicnis and ])lnsiopatholngii findings in this entili inaa 
\ i!\ solid hit with the <l(_'i(e site iiul tepe of stenosis ^s well ns wath the 
Mini or nlisi IK ( of an intci itiial ooinninnK ation The nsu il inaiiilesta 
tioiis 111 iiiiaiits iinl iliilditii with piiliiioiiK stenosis with an intact \entriculii 
iinl iinil s, |,tniii will be iiuscntcd The cbanns bronelit about In the pies 
■ IK' oi ill ns (Miatid intei itrnl coiniiuiniention mid the differential diagnosis 
oi iiiniinliliul 11 iiid \ il\ul 11 stenosis will be discussed 


J'lin PiiliiioiiK s/eiioen—I)\spii( i iisiialh noted on exertion and out ol 
propoitioii to tin deiriei ot leaiiosis is the most treepient SMii]itom L is\ 

I itie ihilite IS noted in issoeiitioii with despnea Inidc fjiiite gun in weight 
is 1 (oiiiiiioM loiiipliiiit s„|„,tting although not is fieinuiit ls in tetrilogs 
ot I illot nun o( I lu 

I’lnsK il (\ imiii itioii iisii ilh rc\e ils no eeaiiosis when ])rcsent it seems 
to Ik (lui tosieere p(ii]ilHiil ’ e ttous utis itui ition (la i ijihe i il i \ anosisl and 
not to I \< nous nrten il shunt is the irteiiil owgen situration is alw ns 
|"''•nt il fin (Inst ni n be s\ ninit ti i< il or m n show s are ing eb grees ol lue- 
• ordiil bnlt.1 IS I ri suit ot right eeiitneular Inpertiopln but e inline e n 
iiicMiKiit IS iisii ilK not de tilted eliiiii ilh Viiseultntion rteials a s\stoIii 
iiiiitiiiniui, oiim aMoni]Mnied be 1 sestoln thrill ind located it the second 
lilt iiilirsjim Hiistoln murmurs are e\tiemih r ire The second sound 

in till jiiilnion II \ in i is ottin i b ir I’ld diimnishcd in intcnsite but i nor 

0 d or loinl I’ III i\ heiiotid Tin lucrisiisiiilh in itlier e iilnrged noi jiulsit- 

ini. bill 111 tin niori s. \(n loiiiisoi nl\ iin i d st igcs in enlarged uni juils it 

nu In. I 111 n 1 . notid Tin sestiiiiii sest.dii pri ssun is usu ill\ it or below 
In I nun ! 1 _ 111 .1 till ].tils. )iri ssiiri is n irrow 

III. 3 dll. s i.ir h. iii..i,lobin ri.leills ui.l In m ito. rit in iisualh iiorin il 
’ d 1 " ' 11. id lion tun. Is iioini il 01 sli^htle I'tolong. d 

r.liorr iplin tr nines ri\. il riclit axis dieiition right \en 
'nulirh ,.-fn.j.'ie iid ..11. „ t dl p. .li.iPvno esp. onlh „i limb I cad 
11 s] .-.‘MU -uli* itriil .Iilarpiniint or strun (haiicis ui the T wi\is 

"“'‘d in the nion s. I, n and n-haiicl 
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at times The lung fields themsehes aie cleai Eight lentiiculai enlargement 
IS suggested in the fiontal new and is confirmed lij rotating the patient m 
the oblique positions In contiast to the tetralogi, the pulnionan mndow is 
not cleai Eoentgenogi anis confiim the fliioioscopic findings and demonstrate 
decreased lasculni niai kings in the oufei two-thnds of the lung fields 

Cardiac catheteiization leieals that pressures in the light atnum aie 
usually eleiated The systolic piessure m the light lentiicle is alwais ele 
lated and seems to be diieetlv ielated to the degiee of stenosis, it mac be 
lower, equal to, or highei than the systemic systolic piessuie The oecuirencc 
of a pressuie in the right lentiiele which is significanth higliei than the 
svstemic s-astolic piessuie is, foi piactical pin poses, diagnostic of pulmonic 
stenosis inth an intact lentiieulai septum On the othei hand, in all iiialfor- 
niations hanng a laige leiitiicular septal defect, the sastolic piessure in the 
light ventricle usualh ap])io\iraates the systemic sj'stolic piessure The 
piessures in the pulmonaij arten’’ as recorded by com entional means iii.aj be 
noimal, but aie usually decreased If the mternal diameter of the stenosis 
(as described in the surgical and anatomic protocols) is eompaied to the e\- 
teinal diaiiietei of the cathetei’s used, the aalidili of the piessure leeoidnigs 
beiond the stenosis, w^heie measuied by such com entional means, iiiai be 
questioned, it seems leasonable to assume that, at least in the moie seiere 
stenoses the passage of the cathetei tluoiigh the mi lowed aiea would add 
an extia “stenosing” factoi and would thus contiibute to the decreased pies 
sure leeoided in the pulmonan aiteiy If this is tiue, the piessuies recoidcd 
directl} from the pulmonaiy artery (not iia the light ventricle) imild be 
expected to be higher than those recorded by the conventional loute, again 
m the moie sec ere foims of stenosis That vai’jnng degiees of pulmonarj 
in pel tension may be found in association with pulmonary stenosis has been 
leiified in raie mstaiiees The impoitance of the recognition of such 

oeciuieiiee is olmous when one contemplates siiigeii foi the pinpose of in 
creasing pulmonaij blood flow since the surgical pioceduie would then add 
a potentialh Inpcitensnc factoi to an alieada existing pulmonan hv]ieiten 
Sion 

The ox^ gen studies ]iei formed on samples of blood obtained at cardiac 
catheteiization leieal no cMdence of intracaidiac shunts Measurement of 
the pulmonaij capillai-j blood flow maj rcieal eiidence of an extracaidiac 
artorio\enous shunt if a collateial ciiciilation has been established between 
the bronchial and the pulmonaij arteries, and thus the total pulnionai-v blood 
flow wall exceed the sastemic blood flow In the absence of shunts the pul 
monan and s^stomlc blood flows aic equal and usually decreased, but niai be 
noimal or raiclj incicased ‘souli6 and associates'-' hare demonstrated nor¬ 
mal or incieased pulmonan blood flow in association with seicie pulmonan 
stenosis 

Angiocardiography meals that the die follows a normal eourse The 
sicnificant findings ivhich howcier arc not constant, aic the retention of die 
in the right ventricle, the iisualization of the poststenotic pulmonarj arten 
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•libt ition nml ihc dcirc-ico,! vi^iul ir nnrknii:s in the oulir t^\o thirds oi the 
lane fi'hls Thfse h-n\(\<r ,re enh iiidirett dnenustu smns oi piilmonarv 
sM n.is tin St< notu '■a c m l.t, .lire, th \nsu.ili7cd ropiitecnoenphicnllv onh 
t\ sjxnil niLini irdiner.iidin t<(hin«iup tnipltAinu tin. direct injection of the 
d\, into th. cntniuc of tl. .uittlou trot of the rieht ^entrlelc «?pceial ap 
p T itus nni'-l ht Used in or.h r to oht iin th. iu<(ssir\ iiliiis whi.h tinll deiiion- 

•.triK hnlli th. •'it. md th. d<‘_'u< ..t stenosis 

7 n''.ai; of Fn/h.f—The trilo<_'\ oi 1 'dint in i% hi indistinmiislnhle from 
pur. pnimoni. stino'is n the rielit to lilt shunt at the ntrnl lei el is insienifi- 
e lilt ^\ ith 1 ire. r shunts hoiMur eniiosis nlthoii'eh it nni he absent earh 
IS iisinlii present It is fii-st noted on exertion and iiroL^resses sloulv The 
ei-iiosis IS iisn ilh mild to model iteli intense md is prcdomimnth central 
in oruin i>. im; the result oi i \enoiis irteri il slmnt it the -trial Iciel periph 
I-al i.nois uiisatiir ition inai lontrihutc to its intiiisiti Assomted mth the 
el aiiosis ire pohcithcmii ami it v titei date iliibhinc. of the fmaers and 
to.s hi th. ]ir<srn(e of i 1 irm rinhi toleit slmnt then ls a dei rease in the 
. irnilatioii tim. Tlie pr( s-nr. s m the ri'jht itnum arc almost ilwaas elciated 
iiid til. shunt IS irom richt to 1 . tt In somi mstimis a hidirei tional shunt 
it th. atriil 111 cl tun on nr Imt it is ]ire.lomm intli from richt to left If 
th. diitniosis (u pnlnionu stenosis mth an intact lentncnlar septum has heon 

ihli'lnd tin ji is',io, oi the . itlnl.i tlitmi'Ji an int.ratrial i oiiimniiK ation 
tlifi. rt iiM it. s i titir. piilmoiii. st.nosis iroin a tnloca ot Tallot In the jires 
• m. oi i lire, riuht to 1 . It shunt intrio. ar.lioirr ijihi mil initialK roicnl 
rt’nr poor opoifu ilmn oi the Ufl itruiiii untrnle and aorta followed 
I It. r hi r. op K ifi, Ttion oi th.'. < h imhers ami lorta and the sisteniie blood 
tlo. ill . x. • < <1 th. pubiiou in bb.o.l tlow 


Ih crcjitiat Dia.nKM. of 1 ah alar anil Ii fnmhfnilar ‘^ti nnvic —At the pres 
III’ ‘inn ill ular si. iiosi' ('innot b. t.ositiich ilifT. r. nti ite.l tlmicalh iioni 
intii'dill liar (I.- loufmud sti no'is In the t.traloua .u ralb.l when the sie 
m IS j r. io nil 'iiili iiiinndibul->r th. miirmur is iisiialli lo. ate.l lower aloin^ 
. lilt sN^n-I h i-,l. r in th. third t.i loiirth inters], i.. On th. other hnml 
in ]>nbio)ie St. msn mth miaet aentncnlar s. jitnni v her. the stenosis is 
' s.i 111 c'l.nlir ui ,.p< umrumr m lomb st in the s. < mul bn int.rsj.m 
' ' b I'e 1 • 1 Mill,, j,..,s ir\ to.bt.rmin. ilntln rth. sanu ...rrcli 

’ ' ’’ I d n. . ,,fi till !... iiii.Ti <11 tin nm-imir ml tb. sit. ..i tin 

‘ s ' < 1 .1 , 1,, j t^i, ~ ,,U „ 5 

^ ' ' o ■ splp ...mnd ,t th. bis t.uds to .xcbi-le the 

' ' '• ^ \ s.,,,vm \\h. m\.- this timliiic IS sfut ui a-sso. n 

‘ 'bis.' !■ ill loi 1 . sf. ,sis wiMi u int-. . ntrn 111 ir 

o n mniidibhl - s . s,k ^ „h •. normal 
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Up 1—Tjpicul posteroanterlor roentpenopram of pure \nl\ulur pulmonic atrnoxls Note 
the fullneoo nnd concexltc of the pulmonnn arterc gepment on tlic upper left border of tlic 
cirdinc silhouette produced b\ poststenotic dilatation 
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>ic 2—Po«;toroftntcrlnr nx ntc‘noj^mni’^ of pur Infunflihulnr putnionli no Mtlioiikh 
thin uitunlK a cf)nc'i\ll> In tho rf'pfon of llic ptilmomrv arl^ rv •'•cnKnt of In t I) 

till n nia' a con\i\lt\ In F (Cxifc 1) vlilch nia> confu«f the clinE:no«i‘i on i»un J> rmllo 
graphic pround** 
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of tlic pulnmiian arl^'r^ cecmont on the contrarr, suggC't'^ llie 
]ir(‘"frn( of a noniial or In popla'Jtif pnlinoiiar\ artcr\ inth an infundibular 
rather thin a iiihnlir ‘.tfno'>is (1 it: 2 .1) Tlie pie'jcnee of a right aortii 
areli tends to prodnec a slraiuht or full ahadou in the retrion ol tlie pnlinoiian 
artfr\ sfL'meiit and its ofnirrtine niiist be lonsidered uhen eiahintintr this 
segment 

Tlu loinmuous rttoiding i>f ))r(ss\ms while withdiawing the catheter 
from th< ])Ulinonir\ art> r\ uudi r IhiorostojiH gnidain c is the best a\ nlable 
nuthud ol difunntiating tin \ .rnuis t^l)es ot stenosis In pulwonnn/ inh uUir 
sfoiovK tlurr IS 1 sharji risi m th< sistolu jircssuie and i fall of the di.astoln 
]>r(ssnr« to r(» <»r iulmIim t dms at tlu h\el oi tlu jnilinonari ^al\e (ritr 
!' In ijifiiii'lihuhir \t(iiosi\ tlu s\sti)li( piessiire is ajijiroMinatt 1\ the sune 
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At the tune of surgei\ the site and degiee of stenosis can be ascertained lu 
both e\tia- and intiacaidiae exploration In lahular stenosis ^nr•\^ng de 
ffrees of poststenotic dilatation aie usually noted in the pulmonary artei-v and 
a SAstolic thiill IS palpable distal to the valve, lu digital iniagination of the 
pulmonan aiderj the oiifice of the pulmonai'i lahe can be obliterated Rith 
resultant disappearance of the thrill The pulmonary vah e can be palpated 
as a stiff, dome-shaped structure, a high and short infundibular stenosis lo¬ 
cated immediatelv subjacent to the valve mav simulate these findings In the 
typical infundibular stenosis, houe\ei, the thriU is best felt in the Rail of the 
outfloiv tract of the right ventricle distal to the site of the stenosis, although 
it mav extend into the pulmonary arteiy A short infundibular stenosis of the 
diaphragmatic tvpe (membianous infundibular stenosis) pioduces a post¬ 
stenotic thm-i\ ailed ventricular chamhei The more common, long, narrow 
infundibular stenosis (mi ocardial infundibulai stenosis) is usuaUv associated 
until hvpeitrophv of the outflow tract Combined infundibular and valnilai 
stenoses aie fiequently associated mth a hvpoplastic pulmonarv arteiv 

The lalue of piessure leeordings at suigeiy foi the localization of the 
pnmai-y obstruction and for the demonstration of other obstructions has been 
pointed out bv Kiiklin and associates^® 

The functional significance of pulmonic stenosis, espeeialh of the infundibu 
lar tiqie, is bettei appreciated In caidiac catheterization, selectiie angiocardiog- 
laphv, and suigical exploiation than hi diiect iisualization at neciopsi The 
sti iking difference in the appearance of the pulmonaiy aidoiies at the time of 
siirgcn and at post-moitem examination in patients intli tetralogi of Fallot 
has been stiessed bv Soulie, in like manner the stenosis as veil as the post¬ 
stenotic dilatation in patients mth pulmonic stenosis mth an intact lentiieii- 
lai septum nni be moic stiiking in mo than at tbe autopsv table 

Indications for Surgery —Mo definite ciiteria foi the suigical treatment 
of imlmonic stenosis mth in intact lentnculai septum have been established 
Seicre hypeitension in the light icntiicle mth an eleiated diastolic pressuie 
or a gieat reduction in the pulmonan blood floi\ aie definite indications foi 
suigical intenention The lei el of right lentiiculai In-pei tension vhich 
should sene as an indication for surgical collection vaiics mth different an 
thors from 50 to 100 mm Hg svstolic Svstolic piessaires aboie 100 mm Ilg 
are generalli accepted as indicating the need foi surgical interi ention Poll - 
ciTiiemia, stunting of grouili, electiocaidiogiaphic evidence of seiere right 
icntnculai hvpertrophv and mi ocardial strain indicate the need for surgical 
ticatment From the experience of seveial miters it appears that the age of 
the patient must be considered ui eialnating the indications for surgen, the 
higher mortalitv figures occurring among those patients under 2 vears and 
bciond 20 lears of age In general this same lariation in surgical mortaliti 
rates ns related to age applies to all forms of congenital heart diseases 

Surgical Technique —^-Vlthough the direct and the indirect approaches 
Inie been succcssfulh used to increase pulmonan blood flov in patients mth 
the tetralogi of Fallot, onh the direct approach should be used in jiatients 
mth pulmonic stenosis mth an intact lentncular septum In the few in- 
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may \aiy from a peanut to a lemon m size ^Vs the infiuulibulai nclge oi 
ciest IS appioached, the instiniment 11111 ride up oiei it onh to fall off doi\n 
uaid into the large lumen of the right ventricle piopei Bv rocking the in¬ 
stillment genlly hack and forth over the hjTieiti opined muscular or inem- 
hianous ciest veij accuiate localization can he obtained The jaus of the 
lesectoi can then be opened, the full thickness of the ciest engaged, and a 
geneious bite lemoied uithin the mouth of the instniment (Fig 4 ) This mai 



FIp 4 —The authors m " ^ ^ resection a The reflecting instrument Is 

Inserted through the m\ocardI Infundibular obstruction h The Instrument 

is passed into the pulmonnrj us of the \aho can bo palpablj determined 

The Jn^^8 of the Instrument can be opened nt this lc^cl to furthtr evaluate the valve area 
c The instrument la 8lov\I> withdrawn In contact with the floor of the outflow tract It rifles 
over the obstruction and falls Into the rlptit ventricle providing accurate locallratlon d The 
Jaws are opened and a portion of the obstructing rldpc resected This can be repeated until 
most of the ridge has been removed 


])0 lopcatcd Ihicc oi foui tunes until an entiich adequate channel has been 
fashioned nftei which the infundibular chambei will swell and become tense 
The same ineicased pulmonan flow and pressuie wall be noted within the 
pulmonaiy nrteiv and the tin ill, prcMoiLsh soft and localized, will usualh 
become coarse and gcneializcd If facilities aie a^allable, it is adaantageoiis 
to nicasme diiccth the piessures within the \entnelc, chamber, and artcii, 
loi in this wn^ the completeness of tlie r&scetion can nioie icadih he deter 
mined A most adequate lesailt can be obtained howeicr witlioiit these refine 
riients hec muse sight iiid the sense of touch ai e usuall-v sufTicicnt 
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wuh I( i-n.iblf r ,ro one nefd Imc hltlc ftar ilunn- such a lesectioii 
^.at^^ula^s<plUI^ iMiitact m.l m. Mt il Mruduic can l)c oiicountered 
,.l mjim.l ^\hell omploMn" tins teehuKiuo in the lctraloi.T of 

i !!ut in V III! 11 then is n 1 tlt inter\cnlrHiilar septal defect hmg just lie 
ii. itli tin iiiinndilml ir rnU'f tlie rcsrdoi nnist he directed ^\\a^ from the 
,.,r i I..\ lid tin seimirn to nonl tin anterior eiisp of the aortic \ahe Mhich 
III 1 nioil into the ojicnine of tin ‘'Optal defect It is wise under tliese tir 
• iiiintiiHfs to time the rf-ectmtr hitc in %enlricnhr sistole at a time when 
th> ^'U< h il'cts in llitUiud 1” mist the noitn wall Bleeding from the 
m\o< rdiiuii n < niK (ontiollcd hdwccn lutes In digit il inessure or 1 )\ cioss 
niL tin imtiilli idncd st n '■ntiins Two or three interrupted sutures of 
lull totioiiiin siifin n nt to i Ios( the small me otardi il wound 

I'u'.to], ni/n e (lunuu s —1 ollowinir a sueeessfnl \ iKotonn ot infiindihul ii 
n Mtioii tin portion < 1 ist il to the stenosis will he full tense and a tonspie- 
iioii itsi t 11 < I to ((iin]>i (ssioii IS p lip ihle The t ole I aiie e to ntiiite mere ises 
ln•ll^lmnl 11 prcsiiit nsn ill\ dis ipjie irs at or shorth iftcr surger\ The 
iiuinnur nid thrill in i\ e h nitie in intensita heeoine more eliffiise or oee ision- 
il!\ disipiK 11 v^oiiie murmur howeier persists ^ome degree of intteised 
< iidiii inlii_fmeiit (ridiom iiihie silhouette) often oteiii-s slioith aftei oji 
(ritim ind pi r'lsts foi \ iiihle peiiods of time Phis ma\ he eMileiiic of i 
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Mo > h 1 !i Ol iriho<.r iphn mdenn of richt eentinulai Injiertropln More 
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Mortality —The patient -vnth pulnioiuc stenosis inth an intact lentiiciilni 
septum usualh progi esses fiom an asaanptomatic period to a penod of in 
Cl eased samiptoms, followed bi rapid deterioiation teiminating in iight-sided 
cardiac faihiie Piioi tosnigem the life e\peetanea aieiaged25to BOacais^* 
In oiii e\perience the mortalita fiom diiect intiacaidine lahotonn and 
infundibiilai lesection -saiies consideiabh uith the tape of malfoimation foi 
uhich thea are used 'Wheieas in tetialoga^ of Fallot and in tetialoga-like 
malformations the oaei-all moitalitr has been 20 pei cent in a total ot 00 
cases operated upon (less than 10 pei cent in the last 25 cases), in pulmonic 
stenosis anth an intact aeutiieulai septum theie haae been no deaths in a total 
of 23 cases tieated (19 aalanilai, 4 infiindibulai, and 2 both aalaailar and ni- 
fundibulai) 


CASE REPORTS 

Case 1—B T , a a a car old alnte girl, was admitted to St Cliistoplicr s Hospital for 
Children because of exertional daspnca, easj fntignbibtv, and “squatting" since the ago of 
4 a cars A. cardiac murmur had lieen first noted at the age of 10 davs 

Pha’Sicnl examination revealed a tiun but avell developed girl anth slightlj dusky appear 
mg nail beds Blood pressure was 102/72 There avas a harsh Grade 4 sjstolic murmur and 
a thrill present in the second and third left mterspaces P 3 was diminished (Table I ) 

The hemoglobm at the time of admission was 14 3 Gra, erjdhroca tes 4 62 millions per 
cubic millimeter TLc hematocrit avus 51 Her circulation time (arm to tongue) avas 9 sec 


Table I Cuxical UaxiFESTaTioxs axu ELECTROcaruioGRAime Fixmixos ix Pulmomc 

Stenosis ^IxFUXDniUL.vn) 
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Tablf lU Eoentgeaoghaphic Obser\ation in PuLiioMc Stenosis (rNFUNmBUL.\p) 


i 

1 

! 

CARDIAC EN i 
IzARGEifEAT j 

pulmonary 

ARTERV 

SEGMENT 

niLAR 

VESSELS 

PERIPnFRAr 
lUNC FIELDS 

ANOIOCARDIOGr\M 

Cnsel,B T, 
Female 

None 

Convex 

Promment 

pulmonarv 

artery, 

quiet 

Quiet 

Not 

Remarkable 

Enlarged right veiitnde 
and pulmonary arterv , 
no shunts 

Case 2, Itl L., 
Male 

None 

Concave 

Clear 


Case 3, T B, 
Female 

Right atri 
um and 
ventricle 

Concave 


Clear 

Prolonged ixltiitwii of 
dye in riglit ventricle, 
no right to left shunt 

Cased, T M, 
Male 

None 

Normal 

Average, 

quiet 

Not 

Remarkable 

Case 5, R B , 
Female 

None 

Concave 

Average, 
quiet 

Clear 

Selective, no injection 
of aorta, compatible 
with diagnosis of pul 
monic stenosis with m 
tact ventricular septum 

Case 6, G H , 
Female 

Right ntn 
um and 
ventricle 

Concave 

Right arch, 
average, 
quiet 

Clear 

Poor opacification of left 
cavatics and aorta in 
dextroangiogram, late 
reopnf ificntion in lovo 
angiogram delav dve in 
right ventricle, right 
nrortic arch 


iiitorspnce A SNstoIic thrill ins palpable along the left sternal border P iias diminished 
(Table I ) There was no demonstrable cardiac enlargement 

The hemoglobin at the time of admission nns 14 3 Gm , trithrocites were 5 IS million 
per cubic millimeter, hematocrit 44 The circulation time iias 0 8 seconds Eleetroi ardiu 
graphic tracings revealed peaked P mves in limb Lead II and ciidencc of right axis dciii 
tion and right ventricular hipcrtropliv 

Roentgenograms and fluoroscopic ONpmination of the chest revealed the heart to be of 
normal size The apex was upturned, the pulraonan conus was concave, and the hilar m'spN 
aero quiet A aseular markings at the penphem of the lungs nere reduced The right 
1 X 10111010 lias promment as viewed m the left anterior oblique 

The results of cardiac catheterization (done elsewhere) are listed in Table II and these 
suggested an infundibular stenosis with an intact ventricular septum 

‘'urgerj nxis performed on Oct 27, 1952 The pulmonarv arten was the size of one s 
thumb, but there nns no poststenotic dilatation A thrill iias palpable oier the outfloii tnii t 
of the right ventricle extending up into the pulmonarv arterv Intraeardinc e\plorition 
failed to reveal nnv valvular stenosis There was an infundibular obstruction udh an ‘ m 
fundibiilar chamlier the size of a unlnut” (Fig 0) other defects were noted Aftir 

infundibular resection (three bites) the pulmonarv arterv was more tense and the thrill over 
this area was harsher and more generalized 

The patient’s immediate postoperative condition vins good Mild cardiac enlargement 
was noted rocntgenographicnllv Seven months later he had stcadilv improved and his phvsi 
cal nctivitv had incrcascfl considemblv Pvspnea following exertion was no longer a coni 
plaint There were no significant changes noted over those found prcopemtivclv in the I'hv i 
cal e\ iminntion, in roentgenograms in fluoroscopic exaniination of the chest, or in the electro 
eardiogmphic tracings ^ 

\t present he is nsvmptomntic, although there is ' some dvspnea on severe evert mn 
Repeat cardiac cnthoteriz,ition cnrrieil out fourteen months after «urgerv revealed thi right 
vcntncul ir pressure- to have dropped from 7'>/0 to 40/0, infundibular chamber pressure- from 
4O/0 to 30/0 The pressures in the m tin pulmomirj arterv were e—entinllv unchanged, 
20/17 liefore and 25/S fourteen months Inter* 

•Til.-I C ith. t. rimitlon .lata far. an.l ixistoiM riitl <) wrr. olitain-I llir..iii.li tb "Ort' > 
of Dr Paul I>a BIssonicre Nlarquettc EnlvorsIt> s-ctiool of NIedIcinc NIlIwnuKcc vv i 
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Case 3 J B, a 13 year old white girl, had never been cyanotic, but a cardiac murmur 
had been noted since birth At lO^j jears of age she began “squatting’' to relieve pre 
cordial pain and at 12 lears exertional dvspnea and eas\ fatigue were noted 

Physical examination at the time of admission to Presbiterian Hospital revealed a well 
del eloped, well nourished girl with a blood pressure of 100/74 There was a harsh sistolic 
murmur, loudest at the left base, and a systolic thrill was palpable along the loft sternal 
border The second sound in tlie pulmonic area was not split (Table I ) Cardiac enlargement 
was noted on physical examination, ns nere congenital deformities of the hands and arms 
Her hemoglobin was 16 Qm , erythrocytes were 5 27 nullions per cubic millimeter The 
electrocardiographic tracings revealed peaked P waves, right axis deviation, and evidence of 
right ventricular livpertropliy Roentgenograms and fluoroscopic examination of tlie chest 
revealed cardiac enlargement, confined to the right atrium and ventricle Tlie pulmonari 
conus was concave and the vascular markings were reduced 

The results of cardiac catheterization and angiocardiography, done elsewhere, are lifted 
m Tables II and III 

Surgery was performed on Jan 22, 1953 The pulmonary arterj ivas the size of one’s 
index finger and verj flabbv A rather famt thnll was palpable over the pulmonan arteri, 
and proxnmal to the pulmonnri valve tin re was an “egg sized,’’ thin walled infundibular 
chamber whore the thnll was maximal (Fig 6) Intracardiao exploration revealed a normal 
pulmonary valve and a severe infundibular obstruction, the ventncular septum was intact 
Extensive infundibular resection (four bitesl was performed The heart rate slowed, but 
picked up immediately after intracardiac manipulation ceased 

The immediate postoperative condition was good and two months later dyspnea had 
greatly reduced, the appetite had improved The significant changes on phiaical examinn 
tion were the absence of the thnll and the presence of a Grade 1 diastolic murmur over the 
pulmonic area Roentgenograms revealed an obvious decrease m the heart size Her hemo 
globm was 13 Gm and the erythrocjtes 4 47 miUion per cubic millimeter The elcctrocardio 
graphic tracings revealed a migrating atrial pacemaker and a right bundle brnncli block in 
addition to the preoperativc findings These findings have now disappeared 

At present this patient is completeli asymptomatic and lives a normally active life, 
including dancing at school parties Recent cardiac catheterization earned out thirteen 
months after surgery revealed the right ventncular pressures to have dropped from 134/0 to 
S0/-1 m the mid right ventncle nnd 80/0 high in the right ventricle The pressure in the 
right pulmonary arteiy was 15/7 * 

Case 4—T M, a 6 year old white box, was admitted to St Christopher’s Hospital for 
Children for cardiac evaluation A cardiac murmur was first noted at the age of 3 venr« 
He had never been cvanotic He had no cardiac symptoms 

Physical examination revealed a well developed, well nourished box wnth a blood pres 
suro of 92/60 A systolic thnll was palpable along the left sternal border from the second 
to the fourth interspace and a hnrsli Grade 4 systolic murmur was maximal at the third left 
interspace (Table I ) Pj was diminished and frequent premature contractions were heard 
The hemoglobin at the time of admission wns 10 6 Gm crvthrocxtes were 3 78 millions, 
the hematocrit 35 The electrocardiographic tracings revealed nght axis deviation, right 
vintncular hypertrophy, nnd frequent premature contractions Roentgenograms and fluoro 
scopic exammation of the chest revealed the heart to be of normal size nnd contour, the hilar 
vessels were of normal caliber and quiet 

The results of cardiac catheterization are h«ted in Table II 

Surgerx was performed on ^pt 28, 1053 At operation the pulmonary artery was of 
normal size, an infundibular obstruction could be demonstrated 3 cm proximal to the pul 
roonarx valxe (Fig 6) On palpation a rough systolic thrill was maximal oxer the outflow 
tract of the right ventricle propagated faintly to the pulmonary arten Intmcardinc cx 

•Thexe catlieterimtlon data (pro and postoperatixe) were obtained tliroURli the court"! 
of Dr ciicstcr Kurtz at the XX Isconstn General Hospital Xladlson X\ Is 
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Hemoglobin iins 16 7 Gm, eiythrocjtes were 6 2 millions per cubic niillinufcr, tlic 
hematocrit i\ns 53 The electrocardiographic tracings revealed peaked P waves in limb Lead 
Hght aTis deviation, and evidence of right ventricular hipertroph^ Pocutgcnograms and 
fluoroscopic examinations of the chest revealed the heart to be of normal size, the conus iras 
concave and (he vascular markings reduced In the oblique aaeiis there was marked promi 
nence of the right ventricle 

The results of cardiac catheterization and selective angiocardiographj are listed on 
Tables IT and III 

Surgen was performed on Oct 26, 1953 The pulmonnn arten was the 'izc of one s 
little finger and there was no poststenotic dilatation The right and left branches were larger 
than the mam pulmonarv arten The pulmonan arteri was seierch constricted ns it emerged 
from the right ventricle, and a sjstolic thrill was palpable along the trunk The usual cone 
like pulmonarv valve nas not palpable Intracardiac exploration revealed the obstruction to 
be immediatelj subvalvular, the ventricular septum was intact (Pig 7) Ynlvotonn nns 
[lerformed through the infundibular and valvular obstructions followed bv extensile dilatation 
to a size of 2 cm, bi actual intraluminal measurement The constricted region uas non filled 
out, the pulraonarj arterj seemed tense and full and the tlinll liecame more diffuse 

Postoperatively she developed earh signs of decompensation and uas digitalized Two 
months later physical examination revealed decrease in the evanosis and the disappearance of 
the thrill, otherwise the findings were the same as preopcrativeh Fluoroscopic examination 
of the chest revealed adequate hilar vessels nath normal pulsations Digitalis tlicmpi luis 
discontinued and activitv increased 

At present she is pmcticalh asvmptomatic and acmnotic Further time must elapse 
liefore her ultimate status can be ascertained 


C\SF 6—G II, a 3 \ear old Negro girl, was admitted to Pt Christopher s Hospital for 
Children because of exertional dyspnea, easj fatigabilitv, squatting, and questionable otano 
SIS on exertion A cardiac murmur was first noted at the age of 2 years 

Physical examination on admission revealed a small, tlun girl with a blood pressure of 
Sb/60 A Grade 3 harsh systolic murmur was maximal at the second and third left inter 
spaces a s'stolic thrill was palpable in the same location P, was clear (Table I) 

Hemoglobin was 17 2 Gm , ervthrocytes 5 1 millions per cubic millimeter, (he hem itoi rit 
55 The electrocardiograpihic tracings revealed right axis deviation and evidence of rather 
seitre right ventricular hvpertropln Roentgenograms and fluoroscopic examination of the 
chest reiealed a mild cardiac enlargement with prominence of the right ntnum and lenlrich 
The conus was shghtlv concave and the vascular markings were reduced A nght aortic arch 
was noted 

riio results of cardiac catheterization and angiocardiograms arc listed in Tables II and 


HI 

Purgerj was performed on Nov 23, 1953 At operation the pulmonarv arten was 1- 
nini III diameter, vorv short, and had an area of constriction in its raid portion A rnthi r 
faint thrill was palpable in the pulmonnn arten, maximal immediatch distal to the pul 
monarv valve Intracardinc exploration revealed an infundibular obstruction with n po 1 
stenotic mfundibular chamber the “size of a peanut” (Fig S) The pulmonarv valve np 
jionnd constricted and the ventricular septum was intact 3 nlvotomv, mfundibulnr re eitioii 
and dilatation of the constricted segment of the pulmonarv nrtorv were performed Tli< in 
fundibular chamber and the pulmonnn nrterv became more full and tense, the thrill m 
creased in intensitv and became more widespread 

Postopcrativclv she developed right sided failure (palpable liver) and wn» placec on 
digitalis with good response Two months later digitalis was discontinued and phvsicvl w 
tivatv increased Four months followang surgerv she was in full nctivatv and had no com 
plaint ‘Squatting wms no longer noted Phvsicnl examination revealed esscntinllv the «ame 
findings as preopcrativeh except for increased intensitv in the murmur and thrill Pm nt 
genogrnnis and fluoroscopic examination of the chest revealeil a mild cardiac enlargement and 
increased vascular markings 
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uniforaily quiet The lung fields slioAved decreased vasculai mai kings ni foiii 
instances, in tuo they appeared noimal A nght aoitic aich ^\as pieseiit in 
one patient 

Eight axis deiiatiou and evidence of light \entriculai hipeitrojiln neie 
seen in all electioeaidiogiaphie tiacings Peaked P ^\a^es equal to or greatei 
than 2 5 mm \\ere piesent m one-half of the tracings Frequent piematiue 
contiaetions n eie seen in one patient, these persisted postoperatn eh 

In thiee cases coni entional angiocaidiogiaphy ie\ealed prolonged leten 
tioii of dse in the light lentiicle Eailv, lathei poor opacification of the 
aoita nas seen in one additional patient, the lesiilt of a shunt from the nght 
to the left atiium, this «as the only such shunt demonstrable In the die 
studies 

The piessuies in the light \entricle neie modelatelj to maikedlj eleiated 
in fire of the patients The pulmonaiy arteij nas entered in thiee patients 
and in these the pressuie ivas eithei noimal oi decieased A giadiia) nse m 
the SAstolic piessuie in the light \entiiele nas noted in thiee patients ns the 
cathetci nas ivithdiami The systemic sjstobc piessuie nas ncni oi under 
100 mm Hg m all patients and the pulse piessuie nns neiei gientei than 10 
mm Ilg In three patients the s\stolic pi assure in tlie nght sentiicle exceeded 
the systemic sistolic piessuies No endence of am leftto-iight shunt nas 
obtained by caidiac catheterization, a nght-to left shunt at the atrnl lesel 
was suggestne in foui patients (fenioial aiieii ox^genatlon below 90 to 94 
pel cent) but questionable in tiro (Cases 2 and 4, Table II) 

The diagnosis of pulmonic stenosis in this senes was made on the bnsLs of 
nght sentncular In pertension and a dninnislied piessuie in the puliiioiiars 
arten in those patients in whom the puliiion.irs aiteij was enteied In the 
remaining three patients the diagnosis was suggested bs a combination of the 
clinical and laboiatoiy findings, including nght lentnculai hyiieitension and 
roentgenographic eMdence of a deci eased pulmonai j blood flow 

The presence of an intact lentnuilai septum was assumed fiom the ox\ 
gen studies which resealed an absence of am left-to right shunting at the 
\entncular lesel The finding of a ssstobc piessuie m the nght sentnclc 
significantly highei than the systemic sistobc piessure gave additional sup 
port to the presence of an intact ycntnculai septum in three cases 

The infundibular location of the stenosis was suggested 1)3 (1) tlie finding 
of a pressure gradient as the catheter was wuthdrawn from the pubnonaii ar 
tei\ and/oi infundibulum, (2) difficult! in catheteii/ing the piilnionar. 
arten, (3) coneaMt} of the tonus oi absence of poststenotic dilatation, and 
(4) localized angioginphic cMdenec of a small inilmonan arten with nifundilni 
lar irregularities 

The diagnosis of an iiiteratinl coiiiiiiiiiiKation was jnoied or suggested 
(1) 1)3 the direct passage of the cathetci from right to left atniini or (2) bs 
the determination of the arterial oxegen satuiation which reiealed a iieriiih 
enl arterial unsaturation in the presence of an intact lentricular scptuin 
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MS ^\as pieseiit, m four, pure infundibular stenosis i\as the olistiucting lesion, 
and in tuo both foiins oi stenosis uere encounteied Thete uas no moitahti 
111 the entile senes 
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PULJIONIC VALVULAJ? STENOSIS 
Results Technique of Open ■\^al\'uloplast\ 

Henry Swan, MD, Henry C Cleveland, MD (by invitation), Helmut 
Mueller, MD (by invitation), and S Gilbert Blount, Jr , M D 

(by invutation) 

Denwer, Colo 


P ULMONARY valvular stenosis with intact inteiveiitncular septum has 
been lecognized mth mcieasing frequencY in leeent yeais Usually the 
patient is cyanotic, although occasionaUv a patent foianien ovale (or raiely a 
tiue atiial septal defect) ma}^ allow a iight-to left shunt of blood and thus 
penpheial aiterial ON 3 geu desatmation All degiees of severity of the mal¬ 
formation appaiently oeeur ^ Manj of the patients are asymptomatic for long 
periods of their Iiyes, otheis die in infaucj’’ In the moie pionounccd malfoima- 
tions, however, the great work-load imposed upon the light v'cntiicle icsults 
first in its progiessiye hypeitiophj, later m caidiac failuie and death The 
long-teim impoitance of the lesion to the patient and the thieat to his health 
IS not necessaidy reflected m the symptomatologv', since decompensation mnv 
oecm lapidlv The anomaly, theiefoie, when identified, cannot be consideied 
benign Complete physiologic evaluation is advisable and opeiativ’C intcivcn- 
tion considered in ev eiy case on the basis of such ev aliiation We hav c recom¬ 
mended operation m all patients in whom the light v entriculai systolic picssurc 
exceeded 75 mm Hg, and who showed a chaiacteiistic abrupt piessiiie 
giadient acioss the pulmonan valve nrespectne of the presence of smiptonis 
Since the lepoits of Sellors- and Brock,^ the tiansv entriculai blind nistni 
mental manipulation of the congenitally defomied valve has liecomc the 
coninionlv piaeticed method of suigical niteivention That this is an operation 
which can be done at low iisk has been amply denionstiated ^' The purpose 
of the opeiation is to relieve the stenosis of the pulmonan valve How 
efficientlv it does so has been a question on which evidence has ben slow in nc 
cumulating Onlv vvuthin the past veai have obieetivc data been presented 
evaluating this proccdme Li the light of these studies it is now nppaieiit 
that the transventricnlar iiLstnimentation of the pulmonan valve in so called 
“pine” valvnilai stenosis, as eommonlv peifoimed in manv cardiac centers m 
this countiv pioduecs quite vanable results and fails in a high percentage of 
cases to rclicv c the v alvmlar stenosis 


l-roni tho DopirtniPnO^ of Surpen nnil VIeillcino rnl\crpltj of Colorrolo School 
cine D('n\cr Colo _ ir i".9 

Vhlcl In part bv n prunt In nhl from the Lnlte,] stnte- Public 
Ittnd nt the Thlrtl-fourth VnnunI VIe< tine of Tho Vmerican V^eoclntlon for 
surfrera nt Montnal Quebec Mnj 1 to 5 ism 
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, ' K pro,, ,inr< uiirelnl.K juM is it is iinrch ihit m i sfihlislnnir the imlu a- 

tioiis r in op, rition The st itnii* iit oi .he ]>arcnts that the ehiUl is 
iKt,.” or inor< ulm is nuturniusU coliired he eeishliil thinkint: In- 

in nnriv p-tn nts tlu re leen hv it an\ s\inpt*>ms present before opera- 
ti .'I ]',is ,>])( r.itiee\e thee ire at best no e* <irsi To eleterimne this point re- 
epu-<' eenbtnt on the absolute iinl relatiee jiressuns (Mstintr in the richt 
e Tomb ''nd pubnonare irte re beiore iinl iftoi ealeulotonie Tins eelelcnec 
in'ist 111 obtained before anel soim tune after ojuratnin iio/ at ihr iiinc of 
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Table I Pmsiowcic Obseti \tions Bepoke and After TR.\\s\ENTKrcLL.\K Peljionaka 

A VL\LLOTOM\ 


\UTIIOF 



POSTOPFJJ VTlfE 

PREOPET\ 

R V 

PRCSSERE 

THE 

r A 

PRESSURE 

K r 

PRESSLPE 

P \ 

ppESsrrF 

PER CE^T 
REDUCTION 

R ^ PRES 

SI RE 

RESIDE VL 
STI NOSIS 
R \ P A 
(SYSTOLIC 

liurie nnd Shummkero 


2/-2 

101/0 

3/-2 

21 0 

os 


65/-7 

16/4 

t0/-5 

lS/6 

74 0 

21 


Sd/-C 

40/5 

44/-6 

26/11 

73 0 

IS 


105/4 

46/1 ( 

106/0 

33/12 

-1 0 

73 


55/0 

in/3 

4S/G 

20/0 

2S0 

2S 


lJr/-7 

5/-S 

S4/-3 

14/4 

44 0 

70 


142/3 

17/5 

122/-7 

14/5 

IS 0 

lOS 

Ijing ct nl 

Ib 5 /Sb 


135/lO 


22 0 



l-!2/30 


100'3 


24 0 



S4/C0 


37/14 

20/13 

S7 0 

17 


126/40 


02/34 


35 0 



145/3 

24/0 

111/5 

35/12 

30 0 

76 


IIS 13 

22/0 

00/10 


32 0 



lGO/20 


72/S 

20/0 

70 0 

52 


lJS/0 

30/17 

3S/2 

26/11 

02 0 

12 


00/0 


OS/32 


-13 0 


KirUin' 

in 6/5 

11,S 

e5/s 

16/12 

79 0 

40 


55 5 

IS/IO 

40/5 

20/12 

00 0 

20 

Galligan ct nl ” 

200/0 


60/0 


87 0 



no, 11 


5S/0 


59 0 


Humplircis ct nl i 

217/n 


00/2 


70 0 



102/12 


78/12 


04 0 



201/10 


77/13 


73 0 



100/0* 


40/0*, 77/4 


33 0 


Blount ct nl >= 




22/13 


120 


IG0/“7 

22/13 

3S/2 

mwim 


13 


221 no 

is/n 

60/0 


84 0 

25 


142/-1 

13/6 

34/-5 

14/s 

06 0 

20 


110/3 

16/7 

40/2 

14/0 




•Obtained at ti\o ojKrvtlnf: table 


prcopciatne picssuie mbs in Inct loweied to^aid tins IcacI postopeintiAely 
■nas obsened The aetinl loMcung compared to the desned lo'v\enng is ex¬ 
pressed as “per cent reduction ” The foriiuila for “pei cent reduction,” 
therefore is Per cent reduction = 

Pitrinsc III It A' K^-stoiir precauro 
Priop It A' s^-^lolic pro'ciirc minus 30 mm Hg 

The “residual stenosis” was computed in terms of the postoperatne 
ditTerencc betiiecn right Nontricuhr s\stolic pressure and the pulmonari 
nrterA sn stohc pi essure Presumabh, it no stenosis at all is present these tuo 
sjstolic pressuics Mill be equal as in the normal indnidual Ana gradient 
across the aahe must represent stenosis and the magnitude of the gradient 
mav be considered to be a rouch measure of the degree of the stenosis It 
Mould be considered that less than 10 mm ITg gradient Mould be insignificant, 
10 to 40 mm ITg avould be moderate mIiiIc oaer 40 mm Hg Mould represent 
significant residual stenosis 

It avill be apparent from a glance at Table I, first that the results ohlaincd 
arc cxtrcmelv \amble second that almost one half of the jiatients failed to 
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n .1 f r ■>f' I'or edit rfxlmtion in tluir ndit ^(ntneuhr In-pcrtcndon and 
n i!\ imr icurih oj tlicni roirntd bO per cent or better, niul third tint com- 
pli t< f" e\en neTr t eimpb It oliiiiin'ition of pulmennri lalmHr stenosis is 
11 1 f r 'leroinplidu d 

5V. i.<l tint this jinbiRc stronuh sime'ests lint in the hands of at least 
sneril < fimpt tdit cardiae surer* oils transsintrieular aalmlotonii tails to 
iininplish the desind re ■'lilt in in iin matinees Aloreoeer it is our leelinc: 
that rilthoiich the jiulmonari stenosis mas Into been modified conicuhat, 
j'ltnnts vhn haae residnd riirhl aeiilncular s^s^nlle pressures ot 00 to 150 
lain lie li it not been adeqnitfl' relieeed of tlieir dis( ase and do not haic a 
nortii il jnoenosn, 

n \I I \TIOS 01 TT IN" \l TH I M Dirt *T ^a•'ION \ M M LOPL-tSTt 

In T 'ble II the data on our firsi fi\e intients nnderfroiner transuHernl 
1 1 \nlol'l''st\ under dinet \ision an presented In these jiatienls bode teni- 
I < nlun e\n^ lowered to Ik low 10 ’ C the e ire illation cnteniu: the heart was 
t< nponriK ee-ebi'leel ihroiuih an me ision in the in im pulinonare artere the 
Ke w IS \isii ili 7 (sl iiid 1 deliberate' jelastie n i einstrneiion of the eeniieal ele- 
f'lrnute w\vj«rionned 


’ It III Il () '■ij st'rre") \ r> \nii Tr\ ••erTn \i Pi n'o \r\ 

a \i\i ioi _\sT\ 


71 r 


IS''-Till IJ \T7\ I 


I M sll I \l 

I 


I ' ' I 


I II 

1 ~ 

1 1 

I'- . 

1 - 

n< 

1’ 1 

11 

t' *' 

11 -1 

In • 

! Is t lb*' th 


I ' J rr - j 1 ,-T ,, V 

I ' 1-1 11 I P c pns 1111 

" __I" 'J__ 1 "_ " iS\K-o li 1 

"I- - • o . S 111 '> ( 

1' ■ I'l r. ' lirio I 

I' 1- "J 1 ~ I 'IS II fl 

Isa _ I - I ],,, ,, J 

- • ■ I • i'll o 1 I 


^ .r*’ ’ HI* • 

^ ^ ^ ' 1’^' ninl til* ( iiuplf l» «Iw!nii''i!on of 

'' ^ 1 ' 1 li' in it'i'art lU < onfi-ur tio i ni tnilnion in rro ri jin ^ 

' ‘ ' ' ''I'l 1 r< iiirn III nor nal ronioiir 1 1 iL Iv \\ < ire] that 

' I'l II I eel ill mci 1 ii’jiiii.l b tins riiibiil 
I ' I ! t'lili , 1 ) r 1 Kill r s 1 II m,. 


•' I .1 

1, . 


in 


71 ' 11' lip I 


S S I 
t' 


' . I-’ 

' r I 


^ I ^ 


I * 





508 


THF JOLRWL OF THOR \CIC SljRGFR-i 


placitif^ four control suture*^ of 5 0 •^ilk in tlie rvall of the a^ter^J one at each end and one 
in the middle on each side of the propo'ied 2 cm incision After the clamp has been 
placed, the inci^iion into the arten can be completed before circulation is occluded 
A\hen all is in readiness the tapes on the venae cavae arc tensed, cutting off the inflow 
of blood to the heart After thirti second*, a noncrushing clamp is placed across the 
aorta about 2 cm distal to its origin, and 0 5 ml of 1 4,000 Prostigmin is then injected 
into the aorta between the laKe and the clamp, taking fifteen to tnenti seconds for the 
injection This aortic clamp i* now remoied A straight ended aunciilar clamp of 
riarVens is now applied to the \cr\ base of the aorta, attempting to occlude the coronan 



FIs 1—Prr- nnrl postoperatUe recordings of rl^ht untrlculnr nml pulnionarj 
pressure tracIoKs In pntlent "M c Se\tn months followInp direct ilslon pulniomri inimi 
plasti pulmonam hemo'linnmics arc essentinlli normal even ilurlnp cxerclsi 


ostia in its grip An angle toothed ductus or aortic clamp of Potts is now apidied to the 
pulmoiinrv arterv distal to the incision in that vessel The onginnllv placed ctirvid clamp 
protecting the incision is novv removed, allowing entrance into the lumen of Iht pulmonnr 
nrterv nt npproximatolv one minute after onset of cessation of circulation 

The heart i= beating «lowlv perhaps 4 to Id times a minute Th( first l"o or t in c 
contractions will «ervc to tmptv the right ventricle of blood, from that point on, 1 ic 
operative field i« essentialh drv The tvpical eonicnl valvular dtforinitv lies m rear 
view ^\ltb the tip grasped vrith toothed forcep-, an inei“ion i* made with the ‘(P ors 
from the lumen of the valve all the wav to the valve ring If the rim of tiio >' 

thickened or if the cone is undulv long the distal segment of the valve i* exci ei 






W \N IT \! 


I I I >lOM< \ \1 M UM ^TFNO'I 


100 


, 1 , I 1 t!'’ lir ! i» tifm >1 n*’* n 2 nti ii'll •■ ri tint tl'C incmon citimls 

r 'i « tl< rn^ T1 ‘ nH< if" of ti-o rii'p' nitli comrlite rommi-'ure« 

^ ^ \ u‘•tn-i * ut r in nn*' ■''in il'l now m*- rt» d tliroucli tlic %nU(' into the 

, „i ^ r, tr Jt tit 'll 'rn of ( ifn-it-irt iiifun lil iHr t-ti no-n Tlu< entire 

... r It n t i!h 7. IntniU ii J 1 « cm li [>• rfor leii in from one to thr. e 

1' t( i It’ '1 t ’ n tr 

'' ii 0 1 lint lie Jil-tviir re\n tm of t! < iilti 1“ olnjuntr •uithdm nl ir= necom 

Ji 'rill tit f ill')" ir» f'l I Trnetion tij-wnr’ i-r ttc* rti )1 on till four control ^titiirt = in 
f’o ■( I" ( rn nrtr \ Tin r tin rhri-t canitv in floorled tritli I!inf:<r« solution poured 
■'r " r In ^ I ite( r r rlir' rtrfnin tl it the } i in i« filler! nn -1 that nil tiir i« pumped 
t t'ro _1 tl I [I" I 1 ") I'l't art. rr, nhich i« nh mt the tippeni nt-t ]v,rtion of the 

! n t e).ri tie jn II It i> hine or. lii' 1 nel Tie mrtr tl toother! elm p in Tr npplied to 

t’l 1 ri "if j" ililr 1 ri 1 r l! > "iirf 1 • of th< I inj r- "olutinn tal me e ire not to tahe 

1 n 1 tl I'It t 1 n 1 tion to 11 ' 1 ll'>« "ill oei itr The control int-trun cnt« me 

t ’ ' e 1 It or' hr t ll tni-r ' n tlx -uj nor mnn ennn (to nllo" Meed to mix v illi 
I’ti 1 r litiini till the elnn p ti< ro " the In r rf tin n'lrtn then tie elnmp nrrn«» 
’ ] ' I nn nrtr rn and finnllr nft'r tn ndlitintinl iiiinnK or t"n the tnpr. on the 

r f 1 ir 1' r 1 enr. *t }tl d f nr in n'l" fullr rr "torr <1 
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DISCUSSION 


Isolated pulmonarj valnilar stenosis is one disease in ii hich precise phj sio- 
logic data are essential in order to establish properly both the indications for 
siirgerv* and the results obtained by operation Objectne data seemed at 
operation are unrebable (Sec Table I, Humphrey's and associates/ Case 4, 
MTth an operative finding of right ventricular pressure post^ alvulotomj of 40/0, 
ivhereas later, by catheterization, it ivas seen actually to be 77/4 ) Pie- and 
postoperative eatlicterization appeal's to be essential On the basis of data 
obtained in tins fashion, transarterial valvuloplasty would seem to achieve com¬ 
plete rehef of pulmonary valvular stenosis 

The theory expressed by Kirklin and his colleagues' that muscular In^per- 
trophy of the right ventricle may be so gieat as to cause obstruction to the out¬ 
flow tract, thus explaining residual posty alvulotomy right vcntiicular hyper¬ 
tension, IS not substantiated by our findings Although this may occasionally 
occur, it appears that if the operation on the y alve is adequate, the pressure 
in the right ventricle will promptly fall to normal, as occurred in our five 
patients Bing and his co-u orkers'® also cast doubt on this theory, since their 
molds of the lumina of the heart chambers in pure pulmonary vahuilar stenosis 
shoyved no infundibular obstruction due to hypertrophy The simultaneous 
occurrence of congenital obstruction in both sites does, of course, occur in 
rare instances 


The appearance of a diastobc murmur in the pulmonic men in four of 
these children, y\c bebey e, is strong suggests e evidence of the creation of some 
degree of orgamc pulmonary valvular insufficiency In the first three patients 
operated upon vnth this method, ue made no effort to preient this eyentuabtv, 
since on theoretical and experimental considerations y\ e bebei ed that insuf¬ 
ficiency of the pulmonary vahe (unlike that of all other lahes) voiild be of 
inconsequential sigmficance The regurgitant pressure m this instance is that 
of the diastobc gradient across the yahe In the human being, this might be 
m the range of 5 to 15 mm Hg, a loy\ pressure indeed Oyer a period of 
seyeral years ue had attempted on occasion to cieate experimental heart 
failure by radical excision of the pulnionarv y ah e in dogs Although v e 
kept some of these animals foi years no cyndcnce of cardioiasenlar distuih- 
ance appeared A similar expenence yins repoited to us by HiifnagelFor 
this reason, in our desire to cffcctiyciv icbeye stenosis ne excised considerable 
portions of the deformed vahe in the first fen patients As y'c hnyc m 
creased our experience honcyer y\e feel that it is piobablv possible in ninnv 
instances to ayoid insufficiency by attempting to shape a bicuspid yahe yihich 
yvill dose adequately The tno cuts completely through the yahe together 
yvith moderate trimming of the edge, may accomplish this plastic result In 
our last three patients the diastobc murmur has been absent or of Ion m 
tensity 

In the cyaluation of all of these patients, the benign nature of piilnioinn 
regurgitation appears to be confirmed The eiidence is as follons There 
appears to be no difference m the changes which occur in heart size follow mg 
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til. .j..--itic.n ulutli.r or not i 1 k diastolic murmur m present The heart 
.Inn't*- h^ X r-’^ m<Hlcrnt(l\ inereases and then stabilizes Itnrht ^entrlcular 
hipirtn'idix detreasts m suemstid b\ (lectmcarcliopraphic eMdence This 
ch mm occurs lollop nn: the trans\ i ntrieiilar repair as ^\ell Hie pre.iter size 
ji't.bahh indiealts %intrKular readjustment to intrcascd flou Second, the 
int<nsit\ of the diastoln murmur dee re ises uith time If intensit\ parallels 
insufucunr\ readjustimIlls appirentU onur \ihich dimmish the eleprec of 
insuf.icK nee Third .is will be noted m Table II tbc juilmonari aahe is still 
rapabb of maintainintr a diastoln jtressnre in tbc pnlinoiiara artera ^ to 9 mm 
lip biplo r than tint in tbe aentriele Thtse di istolic pressures arc esseiitialh 
norm il ftrtainh reeiirpitafion is not eomjilete nor npjiarcnth eaen of 
siLiiifii ml dr irree 

On the h''sis 01 these ohsera itions it is our opinion that the relief of 
st< iioMs Is tin jinmara ohjertiae oi the etperition ami sheiiild be aebieaed eacn 
it tin (' pi ns. oi slmlit or iinub r ite iiisnnuiema Iiisnfncienca sbould not bo 
dilibirntda disnparded m tin plastn n pair but eliimn ition of stenosis ba 
lompbli incision at ross the nimnl sb iped a ilae is a sine <pia non ot tbe ]iro- 
< • dtiri 


st aiM \i a 

1 ''am iMlimls with ‘juiri luilmeunra aalaiilir stenosis witli intact 
a I ntrn ul ir ' ptum !i we Is-cn subjeited to juilinoinra aalaulo)>!nsta nnder direet 
aiMoii ihiriii.; ba i.uthi nun \11 tliise jntiiiils Imae moaered from tlic opera 

tmii 

2 Tin tirst fiat t> itimls b lae bad ean ml j>n and ]iostn)rer.itiae jtbas olopic 
nb ' Tin i j.. r tmii uniioniila la stein s ess ntialla normal liemoelaai imies 

< o lip in 0)1 oi tins. 111 .,. r\ itions witli simil ir sindns ba mirsilees and 
‘ ''dts oi tr-iisai ntri. Ill ir aalaiilotoina aii[)irintla indie itis 

9 ‘ h. o], I, 1. ( hnnpi. for n In I of this i oim-, nit i) e ih nli r aiiom da 
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Discussion 

(Pipers b\ Glover, O’Neill, Oo\Tiao, McAuijffe, and AFells, and Swin, CLEyELLND, 

Mueller, and Blount) 

DB AABON HIMMELSTEDC, Hew York, In Y —I should like to discuss this ns 
to the ((ULstion of the ndequaev of the Brock procedure, and would like to shoyy three 
slides of tracings made in the operating room This 7 rear old child yyns operated upon 
at tho Mt Sinai Hospital, New York 

(Slide) These tracings y\ere taken by using a Brock probe tliat we had made in a 
liollou form and attached bv lead tubing to a recording deyice Here is a tracing taken 
before any manipulation of the valve had been done and you can see that tho pressure 
in the pulmonary artery is 10/0, and the rapid transition to right y entncular pressure 
tracing yvhich is recorded at 135/15 The second lend in the electrocardiogram is here 
(Slide) The yahe was divided br using the Potts type knife of smaller sire, it yvns 
passed into the pulmonary artery opened to its largest size, and the yahe then yyas 
dilated, using tho basket dilator, and thi« recording yyns made using tho same Brock 
hollow probe Here we see that the pulmonary artery pressure is 25/12, again there is 
still eyndence of stenosis because the right y entncular pressure is 58/1G Bv our clinical 
cnteria we felt uc had done a yery adequate operation, and yet here in the operating 
room we haye distinct eyidencc of the fact that stenosis still is present Therefore the 
larger sized Potts knife was introduced 

Cshdc) This tracing was taken after the second size uns opened to go through the 
valyL at 18 mm diameter, and here yyc sec that yye Imye lost the eyidencc of stenosis in 
this tracing taken by the same technique, the systolic pressure in the right ycntnclc is 
now iG Him Hg, and the peaks in the pulmonary artery arc recorded at 53 mm Hg 
Our point IS that in the first pass yyt thought ve hnd performed a yen adequate 
operation and in tho second pass ue proyed ue had to do a more adequate operation 
AAc haye no question in our minds that open procedure is prefirnblc to any tiT^ of closed 
procedure if it can be done with the same safety, the same morbidity and mortality as the 
closed procedure 

DB JULIAN TOHNs-ON, Philadelphia Pa—AVe, too, have been fairly vill 'at'sfi d 
with our patunts from a clinical standpoint but hnye been dissatisHcd from the stand 
point of the pressure readings yvhich haye been obtained Our best results line been in 
infants or children yyhcrc the Potts knife is su/licicnth large to get a good sized opening 
Although yye haye used a 22 mm knife in some adults we felt that no hnd not nhlaino 
an adequate opening according to our pressure readings 

(‘^lide) The Potts knife and dilator yycre not large enough in one partienlnr patien , 
who was in Ins 30 s so wo used the large Bailey aortic dilator and opened it in t e 
pulmonary yahi Jyyn under those cirtumstancy s and in spite of the fact that we 
put an index fingir dou n in the yentncle to be sure that yve did not hnyt an infiindihular 
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One cannot help but be concerned about the extent to ivhich the ^nlve is opened dur 
mg a blind procedure Time onh will tell whether the rather formidable procedure ad 
Msed and beautifully executed by Dr Swan and his associates is justified on the basis 
of many factors which cannot be discussed now 

The children we haye operated upon run and play, ride bicicles, light, get into 
trouble, and seem to liye normal liyes I guess we ha\o made a bad mistake in not 
catheterizing them 

DR EDWARD E AA^ERT, Chicago, Dl—With Dr Swan’s technique of resection of 
n portion of the pulmonaiy yalye for pulmonary stenosis, wo ha\o been concerned about 
the production of pulmonary insufficiency and its effects All the cases of pulmonnn 
yalyular insufficiency that I haye been able to find in the literature hn'Ne been from post 
mortem findings Because of this, I would like to report one case discoiered bi cardiac 
catheterization This 24 year old medical student came in for studi because of a loud 
diastolic pulmonic murmur Catheterization reiealed complete pulmonari vnhular in 
sufficiency with pressure of about 24/1 in both the pulmonary arten and right icntncle 
He has been cntireh asymptomatic, has had an athletic life, and his electrocardiographic 
findings are entirely normal 

Because of the excellent results that Dr Swan hns had inth nlnilar resection, and 
because we were not set up for hypothermia, wo thought that opening the yah o in more 
than one plane might rclioie yentnculnr hypertension eyen though it might produce 
some regurgitation In one 31 year old woman we opened the yahe with the 22 mm 
Potts yalvulotome to 19 mm in the usual horizontal plane, and then rotated the knife 90° 
and incised the yalye to 19 mm In spite of this two plane incision opening of the vaUe, 
her catheterization findings three and one half months postoperatiiely shon her right 
ventricular pressure to bo about 100/10, which is approximatoh the same ns it was pro 
operatnely Clinically, however, she has had an excellent result 

I would like to ask Dr Swan to comment on the amount of yalvnlar tissue removed, 
whether these patients have a diastolic murmur postoperativ elv, and if he hns anv other 
remarks regarding long term effects of pulraonnrj valvular insufficiency 

DR HENRY SWAN, II, Donyer, Colo—I should like to thank the discussants for 
their remarks With regard to the pressure taken at the time of operation, I think the 
pressures taken in the ventricle and pulmonnn nrtcrj before anv manipulative procedures 
on the heart are probablv rensonablv accurate However, after anv extensive mnnipula 
tion hns been done, including ventriculotomy, the pressures obtained arc often quite un 
reliable and I think nnvone who hns taken pressures at the operating table and sub 
sequontlv compared the pressures with catheterization results hns been dismavcd at the 
dispantv between the two figures Therefore I do not believe that anv thing short of care 
ful studv at some time postoperativ ely, when the circulatorv dynamics arc cssentinlh 
back to normal, will give the actual situation 

I quite agree with Dr Johnson and Dr Bailev that it is highlv dc«irable to cut the 
yalve all the wav to the nng It is satisfving to be able to see and to know that 'ou 
hav e done so 

Dr Ayerv brings up a most important point that hns been worn mg us In tlie fir't 
two or three patients I think wo mav have been enthusiastic in tnl mg out pieces of tln'c 
valves I am not sure that we ever succeed in achieving a coniplctclv competent vahe 
if It IS cut nil the wav to the nng Four of these five patients have Grade 2 diastolic 
murmurs along the left border of the sternum which were not there hi fore operation 

(Slide) This gives «omc information about the degree of insufliciencv m these 
patients We have dogs now going into their fourth venr with the pulmoniirv vnhe 
totallv excised I wi«h to point out that the pulmonarv valve is able to hold up a goo' 
diastolic pressure in the pulmonarv nrtcrv The dirfercnce between the riglit vrntn 
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EXPEEIEXCES IN THE SUEGICAL TEEATMEXT OF AOETIC 

bTEXOSIS 

^^]LLrv^I JI ^luLLFK, Jr , M D ,* Albfkt A ICiTTus , Jr , j\I D (m iahtation), 
J Frvncis DvMMA^^, Jr , M D (b\ i\\itation), and EoD^E\ T Smith, MD 

(b\ inmitation) 

Los Angeles, Cilif 


T he impoitanee of de\ eloping a method foi suigicallv tieating aortic 
stenosis cannot be ovei emphasized, because acqiiued aortic stenosis, lesult- 
mg from ihciimatic heait disease, is the second most common acqiiiied stenotic 
lalmlai defoimiti Success in the surgical relief of other lahmlai heart 
lesions, particiilaily mitral stenosis, stimulated efforts to dense a method for 
the smgical tieatment of aortic stenosis Tuffiei' is ci edited nith the fiist 
cliiiieal attempt to leheic aortic stenosis in 1913, but little consideiation nas 
giicn to the mi estigation of methods foi lelienng this disoidei until the 
Moik of Sniithv and associates- again focused attention on this pioblem 
Smithr imestigated the possibiliti of petfoiming aortic \al\uloiomv in dogs 
thiough a small mcision m the aorta iniiiiediatoh aboie the aortic lahe, bv 
means of a sheathed hook knife inserted thiough tlie lahe cusp lie had no 
difficult} in mcising the lahc leaflet, but did haie tiouble contioiling hemor- 
ihage fiom the fuabic aorta of the dog because the suluics nould tear out 
Hailes and associates^ approached the pioblem in laiious uais Thei In- 
passed the lahe in the e\peiiniental animal In means of an aortic giaft from 
the left Acntiicle to aoita Iloneier, these giafts thioinboscd iii tlie maim its 
of animals Using a cutting punch thes also appioncbed the lahe retro 
giadeh Iiv means of the brachiocephalic liuiik and through an incision in the 
left sentiiele but imcontrollaiilc icguigifntion pioduced a large numbei of 
deaths 


One patient -whose Aaho was incised died immcdintch of seicre aortic 
reguigitation Thev concluded tint mechanical dilatation latbei than (iittiiig 
the cahe seemed the most faaornble method of suignalh treating this dis 
ease Although, uiitialh letrogiade dilatation thiough tlie caiofid arten was 
thought to be a satisfacton approach diffictilfi was encountered later m 
finding the stenotic onficc of the inceited cone shaped cahe through this 
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the left ventricle by the stenotic lalve If the mitral lahe is also affected In 
the rheumatic process, mitral insufficiency is more Iikelj to occiii because of 
the mcreased left ventiicular pressuie Over a peiiod of time, left i entricular 
hiTiertiophy develops, placing incieased demands on the alreadi inadequate 
coionary blood supply 

SELECTION OF CANDIDATES FOR AORTIC 1 ALniLOTOm 

A classification of patients inth aortic stenosis, piiniai]i> aecoiding to the 
se\ent3^ of their symptoms, maj*^ be of aid in selecting candidates to undergo 
aortic vahnilotomy 

Group I Patients ivith a murmur characteiistic of aortic stenosis onh 

Group n Patients mth a murmur, palpitation, easi fatigability, and mild 
dj spnea 

Group in Patients mth the more adianced syrniptoms of dizziness, angina, 
and syncope 

Group IV Those mth any of tlie above symiptoms associated inth an addi¬ 
tional defect, such as mitral stenosis 

Group V Those mth advanced disease irho have congestne failure and 
peripheial edema, m addition to the symiptoms m the other groups 

Patients selected as candidates to undeigo aoitic lahmlotonij bj present 
techniques should hai e relatively pure aortie stenosis If, in addition, a niitial 
yalvular lesion is piesent, it should be predominately stenotie, although a 
considerable degree of msufficiencj may be piesent Tins insufficiency may be 
greatly decreased if the aortic yahe can be opened satisfactorily Manj 
patients mth aortic stenosis haym diastolic muimui’s charaetenstic of aortic 
insufficiency Honeyer, unless other findings, such as a loyv diastolic pres 
sure, an excessively enlaiged left ycntncle and a gieat intensity of the 
diastolic aoitic murmur itself, are present, the operation should be peifoimed 
Age, per se, is not necessarily a limiting faetoi Honeyer, patients oyer the 
age of 50 or 55 yeais should be consideicd yerv cautiously Patients yi ith con¬ 
genital aortic 01 subaortic stenosis should be operated upon nhen the diagnosis 
is made, if electrocardiographic and roentgenographic examination gne eii- 
dence of left ventricular strain and enlaigmeiit At present uc belicyc tint 
patients vho fall under Groups IT, HI RT and V should be consideicd as 
candidates for aortic yalvulotomv The lepjmen for those mth seycre symp 
toms and eyndence of heart failure should consist of digitalis, merciiiial 
diuretics, and bed rest before the operation in order to lemoie as much e\oess 
bodv fluid as possible The heait size itself inll often become much simller 
and the lung fields less congested as a result of this treatment It is imiiortsnt 
to operate on patients yyith aortic stenosis as early as possible, espeeialh if 
their svmptoms haye been severe because, unlike patients y\nth mitral stenosis 
those ynth aortic stenosis, nftei onh one or tuo episodes of failure may dcielop 
fntal left yontncular failure One patient yvho appe.nred to be in satisfactory 
condition for operation suddenly died of acute left heart failure the day piior 
to operation He had just eaten and had felt yvell until this sudden failure 
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Mihe (Fig 5 ) One can casih Icel the instinment nftei it passes win the 
.luita beiond the stenotic lahe iihich is iisualh located cnsili with the lead¬ 
ing end of the lahnlotoine Iloneiei onh’ nnld to inodeiate foiec should 
be cmploicd to pass the mstiumeut thiough the \al\e opemng "With ddata 
tion of the lahe one usuallv feels the sensation of sudden ‘ gmng’ as it 
opens (Fig 4 ) The heait inai hecoiue inoinentaiih slon oi oecasionalh 
nioie lapid The mstiument is iiithdiann and the piessuies me igani 



Flff 2—DmwinR of opcrathe exposure throw#rh anterior left fifth Intercostal gpaCc The 
pericardium has been incised from the apex to the orlg^ln of the preat V purst '^trini, 

suture has been placed In the left \ontrlcuInr muscle 

measiucd If thcic is a satisl.\c(oi\ change m jnessiues (he stab uound is 
closed with inteuuiited sdk sutiues and the jniisc stung is lemoced It not 
the \al\ulotonie is again lutiocluced foi fuithei dilatation The iiencanlniiu 
IS closed looseh with inteiiupted sutuies A small window of peuciidniiii is 
lemoied in the ])ostciioi infeiioi aspect to allow deiiendent diainagi Feiii- 
cilhii IS placed in the chest caiiti and the chest is closed in anatomic lacers 
An intiapieui d cathctei is attached to watei seal diaiiiage 

This nppioach has the clisadiant igc ot piodiicing a wound in the iciilnc 
ulai nnocnidium thus inci easing the likelihood of sciions nii inf limns sinn 
as lentiienlai fibrillation In this seiics we hn\c not entonntcreel this difii 
cultv Another disndi nntage is that bleeding fiom the Inpcitensne Icit 
icntricle mai he difficult to eonfioJ The puise stung tore out on Ihue 
occasions dming caih opcialions in this seiics so wc decided to atlemjit a 
retrograde appioach thiough the innominate oi caiotid aitciw This appiouh 
should ]ia\e the adcantages ot better eontiol of bleeding and not ittjunne 
the wall of the lett \entiiclc Wc weie awaie of the diffiuiltics wlinli hath 
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Of the gioup Yilh isolated aoitic lalvulai disease, 6 had pme aortic 
stenosis and 10 had aoitic stenosis and insnfBciencv, as CMdenced hi a 
diastolic mninuu along the left steinal border Only 5 of the 16 gaie a 
histoiy of iheumatie feiei Dyspnea and orthopnea were the piedominant 
simptoms in this gioup, having oceuri'ed in 14 of the patients Angina Mas 
piesent in 11, and svncope occurred in 7 Eight gaie a history of Jiaiiiig 
had picnous episodes of heart failure (Table IK) Cardiac enlargement, to 
some degiec, uas present in all these patients, and uas piimaiily due to left 
lentncular enlargement Calcification of the aoitic lahe iias found in 13 of 
the 16 patients at the time of opeiation, and Mas deteimined In contact of the 
dilating instillment Muth the calcified lahe l\Iost of these lahes could be 
Msiialized fluoioscopically piior to operation 


Table II 


\r> 1 

(\ s) 1 

\OKTIC \Ai\F 
IiEFOaAtlT\ 

1 AOnriC A\}> MJTitAJ j 
1 \AnF I>^FOK^rrT^ | 

AOKTJC STF\OSIS AM» 
(OAftPTVTION OF AORTA 

10 _’0 

1 

0 

0 

20 10 

1 

2 

0 

10 40 

7 

2 

0 

40 50 

0 

3 

1 

jO 00 

0 


0 

Oier 00 

1 

2 

0 

Total 

‘ 16 

8 

1 


In the gioup of patients Mith dual defoimities, tuo gaie a pieiious 
histoiM of ihcumatic fc\cr All histones included dispnca, and 8 of the 9 
noted oithopnea Xone expciienced sjuicope, and onh 1 had angina (Table 
III) Scien of the 9, hoMcier, hod pienoiis episodes of failure, and 4 gaic 
histones of hemopt 3 ses All of these patients had some degree of caidiac 
enlaigemeiit, and calcified aoitic lahes MCie found to be piesent at the time 
of opeiation m 8 Onh 1 patient had auricnlai fibrillation 


Table III 



\OPTIC \Ah\F I)FFORiIIT\ 

AOPTIC AM» IIITRVI WMF 
PFFORSriT^ 

Number of cases 

16 

8 

Historj of rlieumatic fever 

5 

O 

in -ipaca 

14 

8 

Orthopnea 

14 

7 

‘'V aeope 

7 

0 

Ingina 

11 

0 

Cardiac failure 

8 

0 


Tlieic weic 4 operntnc deaths 2 in the gioup Mith aorlie disease alone 
iiid 2 in the gioup Mith dual deformities (Table nD The oldest patient in 
the senes, a O'*-!ear-old iiiaii Mith aoitie stenosis and insuflitienci, died during 
lieiformnncc of a retrograde proceduie (liroiigh (he innoniinate arteri The 
small lahe oiifice could not be located, and sudden irreieisible cardiac 
aiTcst occurred shoith after the leading end of the dilator i cached the icgmii 
of the lahe A 31-ienr old man Muth aoitic stenosis and insnfTicicnei dnd of 
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t nlpr inilurc fort^-clcht hours postopernlnch Allhoiitrh thf \ ih(‘ 

tlihtc'l the jnslninient iii)on closinir caucht a '.nnll portion of one oi 
thi Inflcts iKfv ceu the dilatinu components and uuKtd it ]irodin me 

Imnudiatelv follonine’ liis return to litd the jntient deieloped 
'u-' jiiilnioinry edema nhnh could not lie adequateh controlled In-mas'-u* 
['ihhototm and supportne medical treatment The late death in this frrou[) 
"w iirrt d m a 41 a f ar-old man n ho i\ as judeed to h,i\c e\(ellent imimnenunt 
hllmnic the opfration llowticr he retened a Mon on his head nhnh 
' iisfd sf\crc cerebral trauma iiid subs(f|uent death nine months alter the 
"!i<nti\( procedure 
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mitial coninussuiotoniT The patient’s postopeiatne couise was iineientful 
and he left the hospital tiiehe dajs after opeiation He iias thought con 
siderahh inipioied, because dvspnea and oithopnea disappeared and his 
exeicise toleiance iiuleased 

Ohiectne cialuation of these patients in indeed difficult Catena include 
changes in piessuies (Fig 8) measiiied in some of these patients duinig 
opeiation changes in heait si/e (Fig 9) leicaled by loentgenogiaphic e\ani 
ination, and incieased e\eicise toleiance IJoiiciei, much of the eiidence fot 
deteinulling the degice of iinpioceinent has been the patient’s staleinent of 
the disapiieaiaiKe oi lehel of such sinijitoins as cas-s fatigalnbli iialjutation 
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FIp S —A Pressure trnc/np from left tcntr/clr and aorta of a H >ear old the 

after \al\uIotoni} The left \cntrlcular preijure lo oisentlallj equal to the fortic a a^forL 
\nl\e Is opened B Pressure tracincs from loft \entricle and aorta of t-l-}car olii nu' „ned 
and after \nI\ulotonn The Orst postoperatne tracing shous \al\c not adequate)} > 

The rceond postoperntl\e traclnp shoe's the r\stollc pressure In aorta and left \enir 
esscntlalU equal 


exertional dispnea, and angina, and the patient’s ability to lesiuiie a gun u^ 
occupation In none of the patients has the iiiuiinui disappeared In some 
has become less intense than prior to opeiation In seieial, the dias o 
mill nun has incrensed alter operation but in none has it become signi 
Heart sire has decreased m some instances, but in others has remniiied a mu 
the some size, in some it lias aetuallr become larger 
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Of the 19 Imng patients, the longest folloii-np penocl has been for 
eighteen months and the shortest foi tno neeks Thiee of these jmticnts 
oiieiatcd on less than tno months ago neie not included for einluation of 
lesnlts Of those patients nith aoitic defoimities alone, 1 nas thought to he 
slighth impioied, 4 shoiied consideiable impioiement and 7 neie eonsideied 
to shoM excellent inipioiement Four of those nith initial and aoitic de 
foi unties shoned excellent impioiemciit The patient mth coaictatioii of the 
aoita and aoitic stenosis a' as also eonsideied to shon excellent impio\eiiioiif 
(Table n") 

'se\eie liemoiihage oceuned at the time of oiieiation in thiee patients 
In each ease the piirse-stiiiig sntuie tore out of the Aentiiculai muscle and 
A\ns contioiled bj' digital occlusion of the opening while a heai'i, mattress 
sutuic A'as placed about it and tied looseh' In anothei the pui-se string tore 
out but 1 elatiAell little bleeding followed These incidents occuired lelatn eh 
eaih' in the sciies and sueh diffieultA has not been eneountcicd since a 
imitticss sutuie jilaced deeji in the Aentiieulni muscle has been em])loAed 
with careful manipulation Iia the assistant conti oiling it (T’aidine aiiest 
OCCUI led 111 1 of the patients, in 4 of w'hom legulai iliAdlims wcie icstoied Iia 
means of caidiae massage and administiation of dings Ventiicnlar fibiilla 
tioii did not OCCUI in am of the patients In one patient with aoitic stenosis 
and initial stenosis and insufficiencv, in A\hom the initial ajIac avrs opened 
first a complete heart block took jilnce iinniediatelv aftei the aoitic Aahe was 
opened An inheieiit Acntiiculai late of appioximateh 40 began, but cardiac 
tontractioiis aacic legulai and effectne This late continued foi appioxi 
niateh eight hours, at which time the late diopped to 20 and the patient be 
fame evanotie and uniesponsne A caidiac pacemakei Aias einploAcd, Aihcre- 
iiA electrodes AAcre applied to the chest aarII, and conti actions AAcre maintamed 
at a rate of appioxiiiiafeh GO The patient became lational and rcasoiiabh 
comfoi table immediatch The jiaceninker Aias emploAed foi appioxiinateh 
sixtA-foui houis Each time it aars discontinued dining this period asAstole 
would occur and the patient AAOuId become unconscious after about fi'c 
seconds Eeinitiation of the stimulating current hoAACAcr, pioduccd a regular 
iliA-thm again AAUth icstoration of consciousness rinalh after about sixtA 
houis a Aentiiculai pacemaker began to take oaci foi approxiniafeh fi'^ 
minute peiiods which giadualh bccaine loinrer until he deieloped a nodal 
iliAthni About two daAs latci sinus i hi thin was restoicd and his condition 
piogressiA cIa iinproAcd Although he aaus left AAith permanent light bundle 
bnnch block he is considered to haAc acliicAcd one of the best results 
Riindle blanch block one right and one left occuiled in two othci-s im 
mediateh’ after their aortic Aahes weie opened but was of no cluneal 
significance It disappeared in each case aftei seieial d jas The block in the 
conduction SAstein m these three patients was piobabh due cither to diieit 
prcssuie on the ntiioAcntiicuhr node to the bundle of Ills itself, or to the 
Iiroduetion of hemorihage and edema about these stiiictiircs The fact th.il 
the changes AAcre icAoisible seems to confirm this explanation 
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Discussion 

DB CHAELES P BAILEY, Philadelphia, Pa—Me ha\e performed a total of 205 
operations for aortic stenosis, 11 bj a now obsolete technique, 173 bj the lentncular 
route with the standard dilator, and the remaining ones b^ the transaortic route \ou 
11 ill note the greater mortality experienced when these operations nere done hi tlie 
lentncular route than when operated on bj the suprai all ular approach route In this 
group of cases }Qu mil note that the condition is essentially isolated aortic disease with 
Iiredominant stenosis and perhaps some insignificant insufficiency You mil note that 
the operatiie mortality is about 25 per cent, even if we exclude those mth dinomic aortic 
insufficiency In the group in which there nas associated mitral disease and in which both 
\ahes were operated on simultaneously, the operatne mortality nas significanth loner 
(except in true multixahular conditions), particularh in those mth onh a combination of 
aortic stenosis and mitral stenosis Even though this series included all tipes of cases 
in \anou3 stages of adiancement, the high mortaliti led us to feel that surgen bi the 
transventncular route inherenth earned a high risk Approximateh 40 per cent of oiir 
mortality was duo to xcntncular fibrillation dunng surgen 

M'c have operated on 21 cases, and the mortalitv has been 14 per cent I think that 
improvement in statistics was duo not only to the avoidance of ventricular fibrillation but 
also to the avoidance of production of aortic regurgitation This latter complication can 
inadvertently bo accomplished with the dilating instrument The aorta may be entered 
by pinching off the aortic wall with the help of a curved Potts toothed clomp or a Satinskv 
clamp of a special tvpe, and sewing a pouch of pericardium to an opening made in the 
excluded portion of the aortic wall A puroe string suture is placed around the poriphen 
of the patch to maintain hemostasis Then a finger is inocrted through the pouch, into the 
aorta, and into the valve In more than one half of these cases, almost exactlv the same 
percentage as in mitral stenosis, an adequate commi'-surnl separation can be obtained bv 
digital pressure, perhaps reinforced bv couutcrpressurc mth the other hand from the out 
side of the aorta If necessarv, one can slide a mitral ppiillotine knifo along the finger to 
cut a resistant commissure Hovicvcr, wo have devised this instninicnt which has onh 
two expanding blades, which is worn on the finger for forceful splitting of the commissures 

One can follow the expansion of the blades bv the finger during the time the valve 
IS being split Then if the third commissure is to be separated, the instrument is turned 
120 degrees and is expanded with digital guidance There is one other advantage in 
operating on these patients from above, that is, if there is coexisting aortic insiifficiencv 
or if aortic insufficiency is created inndvertcntlv, it ninv be treated immediatelv A 
threaded probe is passed along the intrn aortic finger, nnd punctures the nortic wall yusi 
to tho right of the anterior commissure A ball of avion with a tail is attached to the 
portion of the suture that comes out of the pouch Tlic linll is drawn into the nortic 
lumen until tho finger tip recognizes its function Bv this method one can usiinlh cut off 
all the regurgitation 

After completion of tho aortic commissurotomv in one case the pressure was lTv/fi‘> 
However, there was a definite diastolic thrill palpable over the onffiow tract of the left 
ventricle nnd tlie finger could recognize n central gap in the closure of the vahi M hen 
wo put in a ball, tho din«tobc pressiiri rose to 9(i nnd tlie diastolic thrill disiipjicnnd 

PB POBERT P GL04 EB, Philndtlphin Pa —Of tin. four cardiac v ah cs with which 

the cardiovascular surgeon must deal, the nortir vnlvf js nnd will continue to he, m m' 
opinion, the most difficult to front surgicnllv In cause of its position in the v oscular 'tream 
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docs not respond as \iell to the surgical correction of stenosis Insufhcienci cannot ho 
quantitntneh assessed bi the diastoJic murmur The third sindronie again presents the 
same basic qunlifnng features with the niumiur, calcification, left \entricular In per 
trophy, and fattening of the brachial tracing Here the enlargement is not so marked as 
that of the first two s\ndroines, and the presenting sjraptom is generalh that of angina 
In this situation something has caused the de\elopraent of angina before the usual 
marked loft rentncular hFpertrophi has taken place Here coronan insufficienci due to 
atherosclerosis is associated with incidental and perhaps insignificant aortic stenosis 
Two of the h deaths in IS operations for aortic stenosis ha\e been due to coronarj occlu 
Sion in this group Ifore ob 3 ectl^e studies at the operating table might have directed 
our attention to operations that relieve angina without correcting the aortic stenosis, 
namelv, phenol de epicardialization, poudrage, and pneumonopew 

A few words about the objectne studies in combined and pure stenosis 11103 be in 
order It hen a patient with aortic and mitral stenosis is considered for surgen, a brachial 
tracing is taken If there is no prolongation of the upstroke or total ejection time, we 
assume that no heniodi namicalh significant aortic stenosis exists If the ejection and 
upstroke time is prolonged, we liaie to decide whetlier it is due to block in the aortic 
lahe alteration in penpheral capiliari resistance, left lentricular failure or a lou 
cardiac output I cr\ often this proies that the patient docs not need combined aortic 
and mitral surgen If such a decision cannot be made from clinical evaluation and 
brachial tracings, we measure the pressure gradient across the aortic vahe at the 
operating table before the mitral stenosis is corrected The gradient is determined b\ 
placing needles in the base of the aorta and left ventnelo The Sanborn manometer 
nieasurcs pressures, and these are recorded hr the Pohviso writer If this shows that the 
gradient is le«s than 50 mm Hg when there is presumabh a good cardiac output, we do 
not operate on the aortic stenosis Our feeling is that at the present stage in the 
technique of correcting aortic stenosis, the nsk of aortic vnhulotomv is greater under 
these conditions than the potential benefits Jlore than 30 patients have been eliminated 
from surgical intervention b\ this tccl nique These patients Imve been followed for 
more than four vcnr«, and we have no reason vet to regret this decision In other words, 
the aortic stenosis has not become elinicallv significant Tlicse patients have been spared 
an extra risk that would presumabh not have benefited them 

A. similar tvpo of measurement is also carried out routinclv in our operations which 
IS now defined ns pure aortic stenosis (the lint group of the three smdromes mentioned 
proviouslv) Such gradients mnv n'sess the cfiTcct of our correction of stenosis Our 
valvulotome producing fracture and dilatation, has complctelv eliminated the gradient 
in the most favorable cases Ordinanlv the gradient is lowered from SO or 100 mm Hg to 
30 or 50 mm Hg 

It IS too bad that we have not vet devclope<l realiv sntixfactorv techniques for the 
prcoporative evaluation of the degree of aortic 'tenosis It is also unfortunate that 
moment to moment determinations of cardiac output are not available Output determina 
tions would give a third dimension that is «o important to our present pressure gradients 
at the operating table I hope that we will soon have these available, and then a great 
step forward in the objective evaluation will be realized 

\s to the possibilitv of preoperativi evaluation of tit pressure gradient across the 
aortic valve I can onlv «nv that retrograde cathett rizntioii down the aorta has not been 
satisfactorv U e have however been working with transbronchoscopic loft heart 
cnthetenzation and have carried it out twelve tiniis without complication As vet wt 
have not betn aldi to control our cathttcr satisfnttorilv and have had difhcultv in 
getting it to pass through the needle earner (which goes from the bronchus into the 
auricle) into the nuncio, then to the ventncle and out through the aorta 55 hen we arc 
able to control this catheter in this coiir~c we mnv be able to have a verv simple diagnostic 
t< St that mnv spare a large number of patients some verv major surgerv 
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DR EDGAR 11 DAA IS, M asliington, D C—I i\ns \er\ mucli in sjinpntln \estLri3m 
«i(h Dr Ralph Adams, who brought up Iho problem of what to do for his patient who 
fibnllntcd for one hour and fifti minutes I wisli now to pose a question about a problem 
which unfortunate}) does not allow that amount of time I belieie we all realize that the 
closure of a wound in the left icntriclo, made for aortic stenosis, is much more dithcult 
than the closure of am other cardiac incision The muscles are ^er\ spongi and friable 
and sometimes the sutures, when tied 3 ust bnrth fight enough to arrest the spurting of 
blood, begin to cut through the muscle It is similar to tning to sow together two 
pieces of cheese Rocentl 3 we encountered a case like tins in which wo successfulU 
opened the aortic \al\e but were unable to close the wound when the instrument was 
withdrawn 1 arious sizes of suture material were used, with ion deep bites taken into 
the lentncular wall, but the blood continued to flow and the patient died on the fable 
Needless to sm, the usual precautions wore taken to proient this bleeding I am wonder 
mg if some of the c'^perts can toll me how closure can alwncs be effected 

DR CHARLES P BAILED, Philadelphia, Pa—There arc onh two answers to the 
problem of a fnablo left icntricular wall if lou go through the lentnclo That is one 
of the inherent problems in aortic stenosis surgori The \cntriclo becomes thick and soft 
and mn\ not hold sutures 

One method of sutunng has been deriscd In Dr Raj Rumol, of Salt Lake Citi, 
Ltnh He has de\eloped a clamp which has sciernl prongs on each jaw This is placed in 
the miocardiuin on each side of the wound and holds the wound together, gning all the 
time neeessari to place hemostatic mattress sutures Howoxer, oxen that method of 
suturing fails if the texture of the heart is comparable to a cheese, and a pulsating cheese 
at that In tlicsc latter cases the onh wax we haxc been able to stop bleeding is bx the 
use of a suggestion made bx Dr Jerome Head, who saw mo lose one such patient If txxo 
segments of a remoxed nb arc dnlled at cither extrcniitx one can pass a largo threaded 
ciirxod needle through a hole in one and under the xontncular incision The emerging 
needle is passed through a hole in the other bone fragment, is returned through the other 
opening in this fragment, passed throiigh the xentnclc under the tomponnding finger and 
flnallj" penetrates the original bone fragment at the opposite end When tied, this 
amounts to a huge approximating mattress suture, using the bone fragments to convert 
it into a retention suture In three cases where this technique was applied hemostasis 
xvns achicxed in each 

DR FELI\ HUGHES, Alcmplim, Tenn—^Dr John Kthnc has been doing some work 
in the Research Laboratorx at Kennedx Hospital that might applj in this instance Ho 
has taken portions of fascia, exci<>cd portions of the aorta of a dog, and has sewn this 
fascia in ns a patch The patch becomes cndothelizcd and smooth, and I am sure it 
could be used in the aorta In the heart, with the coronarx in between, it might not xvork, 
but it ccrtninlx works in the aorta of dogs Some of these dogs linxe been followed for 
SIX and eight months 

DR TULIAN lOHNSON, I’hiindcipliia, Pa—It max be that Iho xcntricular wall 
bleeding which has scared me to death has not been quite as bad ns the cases Dr Dnilox 
has had I haxc not used nnx ribs but in sexeral instances in whicli bleeding was sex ere 
we haxe been able to stop it bx putting Oxxeel gauze under the sutures and txing oxer it 
Mo haxe had no cause to regret thi= I haxc ncxer liked to put foreign material in anx 
wound but wo haxe had at least two, perhaps three eases in which I thought we could 
not stop the bleeding from the xentnculnr xxoiind but were able to tie Iho sutures oxer 
the Oxx col gauze 

DR WnXTAJf H MT LI UR, Tr tPIosing)—I wish (o thank all the discussants 
xerx much I am not going to Irx to compare the xentnculnr approach xvith the retro 
grade approach which Dr Bnilex has used, liaxmg had no experience xvith the latter 
There are xiriucs for Imth, but m our oxxn hand®, xxe prefer the xentnculnr approach at 




LOBAR AGENESIS OF THE LUNG 

Clifiord P Store\, Captain* (MC) USN, and 
Albert G lilARRAKCoxi, Lieutevant (MC) USNR 
Portsmouth, Va 

TNTEREST m congenital anomalies of the pulmonarj* sAstem has been height- 
1 encd m recent a ears bA* the striking adA’ances AAhich huAc been made in 
tlioiacic surgical and diagnostic techniques As a result, lesions of this tipe 
aie being desciibed imth increasing fiequencA Lobai agenesis of one lung 
associated nith a congenital abnomialitj of the remaining bronclual tiee on 
that side is an e\eeptionallv raie developmental defect Tins report concerns 
such a case in which the correct diagnosis was made pieopeiatneh on the basis 
of tlic phA'sical findings, chest roentgenograms, bronehoscopj, bronchogiapln, 
and pulmonan function studies The diagnosis iras confirmed at operation and 
fuither larified by histologic studi of the resected specimen 

The Iiteiaturc contauis reports of onlA four cases nhich could be lepiesenta 
tne of lobar agenesis of the lung Moiton, Klassen, and Bavtei* reported tivo 
cases, one A\as pioved at opciation, and the othei at nccropsA In each patient 
there Avas agenesis of the right upper and middle lobes Field- recorded a case 
m vhieh the lingula AAas absent, the left lung small, and the mam stem bronclius 
long and directed posteriorh Ferguson and Neuliausei'^ desenbed a patient 
vaIio Avas found on bronchoscopic c\ammation to baAc one communicating bion 
elms to the nght uppei lobe Avith an absence of the light middle and Ioaaci 
lobes The lattoi tAvo patients ueic not opciated upon, and neitbei came to 
aiitopsA These cases, therefoie, lack definite anatomic proof of lobar agenesis 

CASE RFI ORT 

R E H , Kop No 110S2SS, a 21 year old white mna, was admitted to the United States 
Xa\al Hospital, St Albans, New York, on March 1, 1153, complaining of n mild eouj;h, 
moderate sliortnC's of breath, and a pronounced whccre over the left chest Sliortness of 
breath Iind bctti prC'Cnt for seieral learo, but it had stcndih increased in seventA durinff the 
prcAaou*; tno \ears TIic wheeze was first noted about two Acars previoudv, and had become 
proff^(r>sl^e!^ worie The patient had had a chronic cough for approximatch eighteen monflis 
and rai«cd small quantities of fairU thick TclIoni«h sputum There were no other complaints 
The pil'd ht'Ttoni reiealed nothing of significance He had not been hospitalized provioush 
and there had been no "enous illnes«e', injuries, or operations His /nmtlp historj/ nas not 
remarkable General p/ivsioal ciaminalion «howed normal findings except for tlie eliest The 
left liLinithorax was dcfinitclr diminished in size in comparison nilh the nght Exp insion on 
the b ft nas markedlv decreased Percussion rcicalod hvpcrreconnnee throughout the entiri 
b ft tlic't The area of cardiac dullness ivns shiftial to the left On nuseultation, it nas 
found that tlie breath =ound« were distant and diminished on the left, nnd normal on the right 
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careful observation Sronchograms graplncally demonstrated the findings observed at bron 
choscopv (Figs 2 and 3) Tlio trachea and right broncliinl tree More normal There was 
marked stenosis of the loft stem bronchus inth progressiveh mcrcacing diminution m caliber 
in a distal direction, so that at its bifurcation, the bronchus uii-. no more than 2 or 3 mm in 
diameter This bronchus ended m a trifurcation, the most medial branch originating slighth 
higher than the middle and lateral bronchi, which began at a common level Stereoscopic 
frontal (Fig 2), obliqne projections (Fig 3), and a true 1 iti ml film showed that the most 
lateral bronchus coursed upiiard toiinrd the ajicx and reprcsi nfed the apical posterior segment 



Fiir 2 -—Postcroanti rior broncliORrani showing stonosip of the left main ptcai tironcliup 
absence of a lower lobe bronebus anil excellent cIsuallzatlon of the three sefrmental bronchi 
of the left upper lobe There Is niarkoil c} llnelricnl bronchiectasis of the anterior sepiaent of 
the left upper lobe 

of the left upper lobe The middle of the three bronchi passed antenorlj and represented 
the anterior segmental bronchus There was cjlindncnl bronchiectasis of this segment 
The remaining bronchus, the most medial and the highest in origin, was the lingula, and this 
broiicliopiilmonnri segment filled the lower portion of the left chest, the infinor bnpilnr 
segment hang jmstenorli, and the superior segment antenorlj Despite excellent filling I'ltli 
contrast medium, no trace of a loner lobe bronchus could be detected 

Cardiopulmonnrv function studies rcicalcd the following pertinent findings 
Maximum breathmo capacitu lOS L per minute (7i per cent of predicted) 

Timed tital capacity 

Total utal capacjti—5,200 ml, first second—IS per cent, scsiond second—03 p'r 
cent, third second— 7b per cent (esjiectcd normal percentages 75, 90, and 0, 
per cent for the first second, and third seconds, rcspcctivch) 

Bronchospiromctru data (normal ranges gixcn in parenthesis) 

O, uptake—right ib per cent (52 to 5S per cent), loft 14 per cent (42 to 4S per 
cent), minute Mutilation—right SS per cent (52 to 5S per cent), left 12 per 
cent (42 to 48 per cent), vital capacitj—right S2 per cent (52 to 5S per cent), 
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left IS per cent (42 to 4S per cent), residual volnme 2,150 mL (ISl per cent of 
predicted) These findings ivere interpreted as being indicative of obstmctiTe 
breathing 

Cordiflc cathelertzation showed the following pulmonnrv arterv pressures 
21/15 and 26/13 on two esaminations at rest, the mean pressures being 19 and IS 
mim Hg, re^ectivelv On exercise while breathmg room air, the pressures were 
25/15 (mean 20) and on exercise breathing a low oivgen mixture, they were 32/lS 
(mean 29) The brachial arteri pressures were 106/71 (mean 96) at rest, and 
131/SO (mean 101) on exercise The arterial oxvgen saturation was 95 per cent 
at rest, 96 9 per cent on exercise breathing ambient air and Si 2 per cent with 
exercise plus hvpoiia 



H;: - 


bronchus to titter 'Stenotic left main stem 

bronchlcci iKis r.f tho i ‘‘’C three secnientnl bronchi arc uell \isualizpd nr.a 

lobe bronchi " " '9^'9 delineated Note compete ibsen^ of 1oi^c^ 

lohsr^’’^‘ O'oracofomi ivas performed on March 19 1053 The preoperative dingno-is was 

chest i'’'’'"’ congenital stenosis, left mam stem bronchus When the 

Chet explored, a eompletelv free pleural .pace was found 4 n emphvscmatous left none 
on showing little anthmeotic pigmentation compKtoh filled the left hcmithorax. Thr"^ 

attired 't^tle d'ia;:^' mrC'i TlT Tl'’Thi°' 

;:"rr 
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Up 4—Surplcul spocinien Inflated witli room nlr and \\UIi the main stem broncliiis 
oetiudeil witli a licmostat. The left upper lobe has assumed the conflpumtlon of tin 
loft Itinp The oblonp dark area Just below and to the loft of the center of the si>eclmon Is 
the \ostlplnl remnant of the undeveloped lower lobu It bml no bronchial communication 
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■^tisfactorv anastamosis Left pneumonectomv was therefore performed. The inferior 
pnlmonarv yein was represented bv an atretie, fibrous, cordllke stmctnre. In -new of the 
proved bronchiectasis of the anterior segment the marked emphvsema of the left upper lobe, 
and the verv poor pnlmonarv function on the left, as shown bv bronehospirometrv, the 
do isiou to perform a total resection on the left was probablv a wise one, even if resection 
of the stenotic left stem bronchus with reanasiamosis had proved to be techmcallv feasible 
Xrammation of the gross specimen, mfiated with room air, showed a left upper lobe the 
'ire and shape of a lung (Tig 4) Attached to the base of this lobe was a small sUver of 
nonair-containing tissue resembling bver substance The left m a in stem bronchus measured 
4.5 Tom in its greatest diameter (Fig o> Sections of this bronchus showed completelv 
normal histologv The upper lobe bronchus gave nse to the usual three segmental bronclu 
There was no lower lobe bronchus Histologic esammation showed bronchiectasis of the 
anterior segment of the left upper lobe and generalized emphvsema. 

The patient's postoperative course was uneventful Postoperative pnlmonarv function 
‘^'ndies earned out two weeks after pneumonectomv revealed no significant findings except a 
redaction m the residual volume to 1,565 mb ^132 per cent of predicted) A seven nb 
tailormg thoracoplastv was performed on April 1953 

Pulmonary function studies on Mav 9, 1953, showed the residual volume to be 
reduced to 9S5 mh (S3 per cent of predicted) 

Cardiac cathetencation at this time showed normal pnlmonarv nrterv pressure? 
lS/6 (mean 13) and 18/11 (,mean 16) on two exaimnations at rest 23/10 
(mean 19) on exercise breathing room air, and 26/14 (mean 23) on exercise with 
hvpona, 

Oxvgen saturation was 97 6 at rest, <^6 4 on exercise breathing ambient air and 80 3 
on exercise breathmg a low oxvgen mixture 

Po'toperativelv, the patient s clinical condition was good The wheeze had disappeared 
He had no cough or expectoratiom His shortness of breath was unchanged 

DkCtSSlON 

Tlie etiologv of lobai agenesis appears to be a det elopmental error of endog¬ 
enous ongm which is tloselv related to that of agenesis of a lung but has its 
origin in a correspondinglv later period. Arex^ has described the enibrvomc 
development of the respiratorv srvstem. as beginning with a groovelike evaguia- 
tion, arising on the ventral side of the esophagus m the 3 nun. stage known 
05 the lan-ngeotracheal gioove At the 4 mm stage the two lung buds groii 
out from the posterior end of this groove Later m the development, the an- 
lage 01 the trachea and esophagus become separated hi a constriction, inter¬ 
rupted at the cephalic end bi the larms, which can be seen in the 5 mm emhri o 
the 7 mm stage the lung buds gii e rise to two lateral bronchi on the right 
and one lateral hronchns on the left The upper end ot the right bronchus is 
destined to be the apical bronchus, the lateral bud to he the axis of the middle 
oho and the termination of the main-stem bronchus to be the lower lobe On 
the left side the lateral bud forms the upper lobe bronchus and the mam siem 
roiielms the lower lobe In later deiclopmcnt these hollow e\ aginations groii 
out into Til em elope of connective tissue enlarge rapidli and branch mto a 
true treelike tubular s\ stem On the fine terminal tubules anse small outgrowths 
'V iieh caiistitnte the alieoli This description of deie'opment suggests that 
" )ar Tccmsis occurs botiicen the 5 mm. and 7 mm stage of eiiibnoiiu deielop- 
"um in which there is cither complete absence of the lateral buds or of do 
'< li'pmcnt of the mam stem bronchial buds 
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ilost authors ha\e accepted Sclmeidcr’s classification^ of ageiiasis of lung 
\\hich E-as established in 1912 as 

1 True aplasia of the lung and bronchus in which thcic is no trace of a 
bronchus 

2 Aplasia of the lung m which the bronchus is represented hi a blind 
pouch 01 a nodule of cartilage and fibious tissue 

3 Evtreme ln*popIasia of the lung m which the main bioiichus is iioimnl 
in size and shape and ends in a fleshi stiuctuie 

The great niajoiiti of cases of agenesis of the lung repiesent post-mortem 
findings, and the coriect diagnosis of this disorder during life is exceptional 
rJarber'' has suggested that the total of proied cases does not exceed 300 
Wexels" has recorded eighty-seien cases, of wliicli twenti-eight weic diagnosed 
during life, thirteen of the latter were renfied hr autopsr, and fifteen of tiic 
patients were still alire at the tune of his lepoit 

The collected bterature® indicates that agenesis of the lung is three times 
more frequent on the left than on the right It is moie common in males than 
in females in the ratio of 3 2 Most patients mtii this disease die earh in 
infancj’’ or childliood from either respirator}’ infection or as a consequence of 
other congenital anomalies I^Iaier and Gould'® haie suggested rascular com 
piession of the airway by an anomalous course of the pulmonan resscls as the 
cause of death m some of these cases This group of anomalies does not in 
variabh result in earlj death Valle and Gialinin’' reported a case of agenesis 
m a 41-xcar-old woman and hare reooidcd other patients 58, 65, and 72 jcais 
of age, respectively, with this dcrelopmcntal defect The large maioril) of 
cases rernewed showed ranous degrees of In^poplnsia with little or no functional 
lung tissue on the affected side 

A ^a^et■\ of congenital anomalies ha\c accompanied agenesis of the lung 
Lucas, Dotter and Sternberg'® reported a patient who liad a patent ductus 
arteriosus and agenesis of the lung mtli leiersal of the blood flow Other 
associated defects liaie been absence of ipsilateml pulmonarj rcssels, absence 
of the diaphragm, anal stiicture, tracheoesophageal fistula, acccssor\ tlHTuus, 
hvpertrophic thymus, diapliiagmatic hernia, absence of a lagus nene, cleft 
palate, agenesis of the spleen, kidney, and ureter, esophageal aticsia, other 
cardioi aseular anomalies, In-jraplasta of the face, and incomplete lobulation of 
the remaining lung In some instances, three hronclii were siippl} mg a unilobar 
lung 

suxiu MIX 

Although developmental anomalies of the respuaton apparatus arc not 
c-xcecdinglv uncommon, lobar agenesis of the lung is a rare lesion A case of 
agenesis of the left lower lobe and congenital stenosis of the left mam stem 
bronchus is reported here Tins appears to bo the third such case to be ana 
tomically proved, the second to be confirmed at opciation, and the first in winch 
the correct diagnosis was established preoperativeh These interesting niiom- 
ahes are elinicnllv nnimporlant unless thev give rise to ^Tuptoms or cause 
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functional deficits "WTien either of these situations pievails, surgical treat¬ 
ment IS usually indicated "While it ivas not feasible in the case reported herein, 
reconstructive surgerv mar be possible in some patients ivith this or a similar 
t-cpe of defect 
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A SIMPLE JIETHOD FOR DOING A THORACENTESIS USING A 
PLASiAIA-COLLECTING VACUUM BOTTLE 

Horace A Albertsox, M D , Dvmel Leamtt, M D , v\d John- R Gamble, JI D 

Rovnokf, Y\ 

I N 1951 Beech Miote an article ad\ocnting the use of the blood donot set as a 
practical si stem foi thoiacentesis We liaie found his method a highh eflec 
ti\e one for lemoial of pleuial cftiisions We ha\e onlj modified the method 
slighth Because of its e\tieme simpliciti, we belieie that it should onte again 
be biought to the attention of those who mai ha\c missed Beech’s original article 
Beech used the 600 ec \acuum fiask, tubing, and needles that are used 
foi obtaining donoi blood Because of its inexpensiieness and size we liaie 
utilized the 1,000 ce lacuuni bottle ordmaiih used in the collection of plasma 
containing no citiate oi anticoagulant,* plus a plastic disposable blood donoi 
set This donor set has a needle inches long to be inserted into the pleural 
caiiti (Fig 1 ) In the great majoiiti of patients a needle of this length 
IS quite sufficient If, due to thickness of the chest wall, a needle of grcatci 

length IS needed, then a ^el^ simple aiinngement using two glass needle adap- 
tei-s attached to a section of fairh stiff lubber tubing can be sterilized and 
needles foi am dcsiied length used In the rare case in which this is iicccs- 
saij, one must use eonsideiable caution in inserting the needle attached to the 
glass needle adaptei into the laeiiiini bottle This is best done bj holding 
the needle neai its hub rathci than holding the glass needle adapter It is 
laie, though, that the tliickncss of the chest wall exceeds inches, and it has 
been oui expeiieiicc that this is a good safeguaid and wnll prcient one from 
piobing too deep into the chest and damaging the undeihing lung tissue 

Thoracentesis, as we pcifonii it, consists of pieparing the chest with an 
antiseptic and inserting a small amount of Noiocain under the skin Isext, 
the tubing is clamped wnth a hemostat and one of the needles is inserted throiigli 
the haid rubber cap of the flask The other needle is inserted through the 
anesthetized skin iia an intercostal space to just inside the pleural caiiti The 
speed of rcmoial of the fluid is oasiK controlled b\ opening and closing the 
hemostat 

nisei ssioN 

The method has main adiantagcs It is ielati\cl\ simple It docs not 
necessitate tlic wcanng of gloics or the prepaiation of an elaborate trn\ The 
diffidilties often cncountcied witli a lcak\ stopcock and the resultant pncuino 
thorax aie a\oided Tlie fluid that is aspirated is collected under sterile 
tetliiiKiiie and is casih Iraiisiioiteil to the laboratoii for bni ttnologn and 
(clliilni studies Our pithologist has found no dcslrmtion of nils lauscd b\ 

Ironi tho Df'imrtnicnt of Surjrorj Jcffi rfon llotpltnl llonnokc Xn 
nl\ta for piilillc itlon \iirll 10 ISji 
•Popirol nnU soM li' Baxter Laboralorle*! Inc 
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the collection In fact, he feels that the fluid arrives m the laboraton in 
better condition than bv the routine method of thoracentesis If, after aspim- 
tion of the fluid an antibiotic is to be injected into the pleuial eantv, it is a 
simple matter to clamp the tubing near the chest, clean a section of this tubing 
wnth an antiseptic and inseit penicilbu and stieptomicm into the pleuial 
canti hi injectmg the drug into the tubmg 

The 1,000 c c 1 aeuuni bottle is useful not onh because it is luexpensii e, 
but because it senes to remind the house staft that tlus is the maximum amount 
that usuallv should be lemoied at one time iiom the pleiunl canti 

This same apparatus has been used successfullv on a number of occasions 
for performing a paiacentesis abdominis and is the method pieteired bi a 
number of our house staft 



otlur unlt'con5l’(rtff”or‘'fnl'rI>°hca\5*“rah^r'',.fKf”’'^‘f'’ Plnjima collcctinfr bottle Thr 

til Hlroil Icnct)! ^ rubber lublne pluB two neoUlL ntlapterA /intl needles of 

Till. I, not 5nU5fncton fo .,.o o, ih, donor mblnc 


CONCLLSIOV 

astonlot'T' “ H’oraeentesis usum 

a stonlo phsmn collecting lacnum bottle and a blood donor sot The apparatu; 
IS also useful in performing a paracentesis abdominis «Pp.iratus 
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A NEONATAL THORACOTOMY RETRACTOR 

C F A Ci;m5u>s 
C\MBRIDOE, EKGLA^D 

T IHj incidence of congenital atiesia of the esophagus has been put at 4 in 
10,000® blit the incieasing lecognitioii ot tins condition suggests tlint tlie 
figure IS in fact much higher 

Most thoi acie siii gical units of anj size deal i\ ith a minibei of tliesc cases 
each jeai and the svngital tieatinent of these non enconiagcs iniproied tech¬ 
nical aids 

A thoiacotomj incision in the aieiage nenboin infant is seldom nioic 
than 2^0 by 2 inches and the numbei of long siitiiic ends disposed aiouiid tlic 
nound duiing the anastomosis necessitate a letractoi nhicli lies noil cicai of 
the operatiie field, but neierthcless is sufficicntlj small and stiong to gne 
adequate leti action nith minimal obsliiiction to iien 

Pig 1 




The lolloning dcseiiption of this nistinnunt lias been ])io\idfd In Allen 
A llanbuo's. Ltd, nho made it to mi specification and from nhom it tan be 
obtained 

A ipccialh stmnlc-xi "<(ccl, crniikcd, "Clf rctnininfr ri'> retrni tnr, 

fittcil %\ith two «ltphth lipped Madcs n„ inch deep and "'jp inch nido MnM 
mum opening of blades 3^, inches Total length of ritnu lor O'*, inche- 

I would like to thank Atr C Parish, Consultant Thoracit Surgeon, for his ndiice and 
encouragement and Atiss 1\ esfabi of the Medical Photographic Department at \d< en 
hrooke's Hospital for the photographs 

Irorn tlie HcclomI Tlioniclc ciirtlcnl Unit. Nf Ison Ijinaenmnn Ho pltiil I ipmirtti 
Cambridge Englaml 

Recehed for publication Jul\ 2 " mSt . . ,ni- 

•FranUln R. II Congcnlt il \tr sja of thr Oe'oplm^'U« I-anect - -i-i < ’ 
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In. Memoriam 


John Alexavder 
1891-1954 

Notable among the pioneei'S ■v\ho ha^e led m the advancement of thoiacic 
snigeiv nas Dr John Alexander Piofessoi of Surgery at the Umveisitv of 
lliclugan nhose death occurred on July 16, 1954. The span of his uitcrests 
m thoiacic snigeiy to which his life was steadfastly dedicated saw it develop 
fioin humble beginnings m the early twenties to the full-fledged specialtv 
which it is today His devotion to thoiacic surgery and his lemarkable 
accomplishments m the lace of lecnrnng illnesses were an inspiration to all 
who knew him 

Dr Alexander was born in Philadelphia on Feb 24 1891, the son of Mrs 
Mazie Just Alexander and Lncien Hugh Alexaudei, a promment lavyyer of that 
citv His preparaton studies at Episcopal and Chestnut Hill Acadenues 
weie followed by his enrollment in the Univeisity of Pennsylyauia, where he 
received the degrees of Bachelor of Science (1912) Mastei of Arts (1913) 
and Doctor of Medicine (1916) He was a membei of the varsity crew for 
foui vcars and its captain dining his fieshman year in the ^ledical School 
Miorth following his graduation he enlisted in an American Unit of the 
French Armv vihich had been foinied bv Di Joseph A Blake IFith the 
entn of the United States into IVorld "Wai I he transferred to the iledical 
( orjis of the United States Amy Aftei the cessation of hostilities he studied 
if the hiiiversite de Lvon vvheic he leceived a certificate m ‘Surgery and 
\iiatomv in 1919 During this time he had the opportunity of studying wnth 
r)iraid who at that time was applvnng surgical methods for the treatment of 
piilmonirv tiibcrciilosis Followang his letinn to this conntrv he served for 
a brief period as Assistant to the Professor of Clinical '^nrgerv at the Umrer- 
sitv of Pennsvlv aim 

In 1920 Dr Alexander became a member of the staff of the Surgery De¬ 
partment of the Inivcrsitv of Jlichignii ^cveinl months thereafter he 
divdoped a ]ileiir d efuision and later a eoinplicating Pott s disease vihich 
luccsMtated a protracted period of rest m ^aianac T..ake Now York Peihaps 
no more stimulating exiniiilc oi devotion to medical science and a wall to 
overcome idvirsitv c in lie shown than m Ins writing of the first English text 
on the surgic il treatnifiit oi puhnonarv tuberculosis The need for a plaster 
bodv cast and the suppoit oi a Bradford frame were not deterrents Not to 
be overcome l.v lliese plivsm] handicaps he developed a speciallv designed 
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IX MEAIOKIVM 


support for books i\hieh could hold them aboie his head foi gieatei eoii- 
lenience After ti\o Aeais theie emeiged the Surgery of Pulmonary Tuber 
cuJosis, foi i\hich he recened the 1925 quinquennial Samuel D Gross Pure of 
the Philadelphia Acadenn of Suigen This \oIume \\ns dedicated to the 
belief that thousands of Ines iiould be lost if surgeii iieie not undertaken 
for patients mth pulmonan tubeiculosis His prophesies ucie fulfilled In 
the lapid deielopment of an eia of suigical fbeiapi nliieh became an example 
to the Moild at large 



lohn Alcxamlcr 
(isai Vn4) 

On leeoien fiom his illness Dr Alexandei letuined to the I nncrsit; of 
Mulligan in 192G and continued uith general and fboiacu snigei' until in 
1928 the numbei of thoiacic suigerc patients had increased siinuientlx to 
i\,mailt his fulMinie pieoceupation uith this spccialti IIis first resident in 
tlioiaeic suigeii uas appointed in the same lear In 1992 the lesideno 
piogi.ini lias augmented to a tuocear plan and his tiainces minibering T9 
at the time of Jus death were a continuing souice ot pride and sitisfaition 
^o lapid ueic the changes in the surgical treatment of iniliinin in 
tulnrcrdosis iii the eail\ thirties and so great became the need for a com 
picteh ucu luthoritatne text that Dr Alcxandei again presented thesubjiit 
IS tin conipreliensne surg-ical clissie T/ie Collajite Therapy of Puhnouani 
TubernitoMs, iihich appeared in 1937 Although he is particulnrh will known 



rs* 3IEiI0RIA3I 


549 


for his imtiugs on the subject of pulmonarv tuberculosis, Dr Alesandei nn as 
instrumental in populan 2 iiig the two-stage technique for lobectoniv toi 
bronchiectasis at a time when the mortality of lobectonn was almost pio- 
hibitiie L'smg this technique he was able to leport the firet sizable senes of 
lobectomy cases in America wnth the then low mortality of 16 per cent lloie 
receiith he tlemonstrated the etfectneuess of resection of pulmonary metas- 
tases In the field of cardioi asculai diseases his obseriations on loeabzed 
stimulation of the exposed human heart led to a leiersal in terminology of 
nght and left bundle branch block He was the fii-st suigeon to lesect an 
aneurysm of the thoracic aorta siiccessfulh 

Dr Alexander was a member of the Anieiican Association for Thoracic 
Siirgen and was elected its piesideiit in 1915 He was also a niembei of the 
American Surgical Assocmtioii, the Central Suigical Association the Intei- 
national kocieti of Surgery the Society foi Clinical Snrgerv the Ameiicaii 
llecbcal Association the llichigan State lledicnl Society the Xatioiial Tubei- 
tulosis Association of which he has been a directoi and nee piesident and 
the American Trudeau Society of which he was president-elect m 1947 an 
honor which he had to lelmquish because of a recurience of illness He was 
a founder member of the Anieiicau Board of Suigerr' and the Board of 
Thoracic Surgery, a membei of the Editorial Boards of the JotmxAt. of 
Thoracic Surgerx and the Iniernational Abstracts of Surgery, an honoraiA 
member of the Sociedad de Argentuia de Cmirjanos, Soci€te Beige de Chii- 
iirgie &oci6t4 Fran?aise de la Tuberculose '^ociedad Paiaguara de Tisiologia 
and the Sociedad Ecutonana de Tisiologia He was a niembei of Delta Tau 
Delta Nu Sigma Nu, Alpha Omega Alpha Sigma Xi, and Phi Kappa Phi 
Among the awards which Di Alexandei lecened were the honoiaiy degiee 
of Doctor of Science conferred upon him by the Umiersity of Peniisyhania 
the Trudeau !Medal of the Xational Tuberculosis Association the Bruce H 
Douglas Award of the ilichigan Tnideau Society, and the Heniy Russel 
Award and the Ilenry Russel Lectureship of the L'nirci-siti of Hichigan 

Dr Alexander was a bnlliant scholar and inspiring teacher His courage 
rticcrfuhicss and optimism in the face of recurnng illnesses wore a source of 
wonderment and admiration to his mam friends In his later \cars his lore 
for the outdoors was evident in his hobbies of gardening and duck liiniting 
winch he shared with his wife, the former Emma "Ward \Voolfolk to whom he 
was married in 1936 Although thoracic surgen has losi one of its "icatest 
pioneers lohn Alexander will long be remembered In his inane friends and 
students and his notcwortln contributions to thoracic surgen will lennin a 
1 isting tribute to his memon 
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Announcements 


THE AJEERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Thirty fifth Annual Meeting of the American Association for Thoracic Surgcn 
inll he held April 24, 25, and 20, 1055, m Atlantic Citi Xm JorM i Hcadqmirti r« uill 
be at the Chalfonte Haddon Hall 

Requests for Hotel Reservations 

These should be mailed directly to Miss Dons Sears, Coni enlion Manager, Chalfonte 
Haddon Hall, Atlantic City, New Jersey Please mention this Association, the tipc of 
accommodation desired, date and appronmate hour of arriial If accommodations are 
desired elsewhere in Atlantic City, please communicate directh with the hotel of voiir 
choice 

Thoracic Surgical Forum 

Bj vote of the membership, the Forum is to be continued for the presentation of 
short papers on current thoracic research, experimental problems, anatomical studies and 
modified or new surgical techniques The inclusion of am considerable amount of clinical 
material in these reports makes the choice more di/hcnlt and the Program Committee re 
series the right to reject such papers or to suggest their transfcrral to the regular program 
Papers at this session will bo limited sharply to ten minutes, including the showing of 
lantern slides or other illustratne material At the discretion of the President, three 
minutes may be allowed as the maximum discussion for each paper 

These papers will bo published together in one issue in the Journal or TnoR-icic 
SoROEJRr Maximum length 3,000 words without illustrations If illustrated, an appro 
priate number of words must be subtracted for each cut used 

Abstracts for Papers 

Abstracts for the presentation of papers at the 1955 meeting, including papers before 
the Forum, must bo received on or before Dec 15, 1954, otherniso thej will not bo con 
sidered by the Program Committee 

Abstracts should bo labeled "For Thoracic Surgical Forum," or "For Ilcgulnr Pro 
gram " 

File, repeat, five copies of each abstract must be sent to the Secrotnri of the Associa 
tion. Dr Paul C Samson, 3959 Happi A allci Bond, Lnfajettc, California Thci should not 
be sent to the Editor 

The abstracts should contain from 200 to 250 vords and uccurntch reflect the con 
tents of the completed paper 

Applications for Membership 

Applications for Associate Membership in the Association must be reccucd bj the 
Membership Committee not later than Dec 15, 1054, otherwise, the applications mil be 

deferred for consideration until 1956 , , , , 

Applicants must be sponsored bi three Actue or Senior members of the A»«ocintion 
In addition to the signatures on the application form, the sponsors must forward a tep 
crate letter concerning the applicant dircctU to Dr I \man A Brener, III, Chairman of t m 
ifembership Committee, 2010 Wilshire BHd, I os Angeles o, Calif 

Completed application forms and the sponsoring letters tndcpendmtlu sent bi the f nee 
sponsors must bo received bv Dr Brener not later than Dcu 15, 1954, to be consider- d for 

action in Atlantic City i i 

Sponsors nro reminded that new letters of recommendation must be forwarded to iiw 

Membership Committee should their applicants be held over for reconsideration a s-v'ond rear 
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THE SURGICAL COREECTIOX OF MITRAL INSUFFICIENCY BY 
THE USE OF PERICARDIAL GRAFTS 

Chvrles P Bailey, MD,* IVilliam L Jaadsox, M-D ** (by ixattatiox), 
ALn-\ E Bikst, 3LD *•* (by es-yitvtion), Hoeck E Boltox, JID (by 
i\nTVTiox), Hexry T Nichols ILD (by ixyitatiox), axd 
W Geaieixhardt, M Sc (ME)*«** (by ixyitatiox) 
Philadelphia, Pa 


M itral regui’gitatiou 01 msufficicncA has long been recogTiized as a com¬ 
mon accompaniment of mitral stenosis Indeed, until it became possible 
to cYamine the mitral \ahe digitalh during life, it was geneialh beliered by 
inteiiusts and pathologists alike that mitral msiifliciencv coexisted in eiem Yalie 
iiith significant mitral stenosis The inacciiiaci of this concept has been pointed 
out in jircnoiis iiTitings' ^ and is non generaUi recognized In 984 consecutive 
jiatients who base been opeiated upon In the authoi’s in two Philadelphia 
hospitals for mitral ial\e disease, there weie found to be 635 (64 5 per cent) 
cases with pure niitnl stenosis, 56 (5 7 pei cent) with puie niitial insufficient 
ITG (17 9 per cent) with piedoniinant mitial stenosis and insignificant mitral 
iiisiifficienci 69 (7 0 per cent) in which both the mitial stenosis and insufficient 
were of apiiroMiiiateh equal plnsiologic signific'’uce and 48 (4 9 per cent) 
cases with sipiificant iiisuffioient and insignificant stenosis 

Ill 0111 total experienec we hare ictognizcd 441 instances of mitral rcgiiigi- 
tation great oi small, during intracaidiac siiigical exploiation IVhile the 
in ijoriti of thevc leaks were small and of negligible clinical significance it soon 
e\ulcnt tliat well deselojicd miiial rcgiiigitatioii is a niiicli more serious 
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' rinJ :rll %t Antlon il Council of Itrltl, Sholoni Women an I bj The L <5 Public Health 
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lesion than mitral stenosis Indeed, nc feel that elinicalh it is at least equal 
to marked aortic insiifficienci in its effect upon tlie integiiti of the cii dilatory 
system 

Strangely, the profession has been extremely slou to recognize this Usu- 
allj, mitral insufficienei has been considered lelatiieh benign Houeiei, 
White^ clearly points out its senousness in his textbook Piobabh a part of 
this lack of undei'standing has been based upon the presumption that most apical 
systolic murmurs aie indicatne of mitial incompetence Actualh, significant 
mitial regurgitation mai be piesent oi absent icgaidless of a sistolic nuirmui 
Furthermore, a small leak mai cause as loud .1 miimui as a large one Undoubt¬ 
edly, MacKenzie’s teaching^ that the existence of a specific tiqie ot lahe lesion 
Mas unimportant in compaiison uith the hcaltli of the cuidiac muscle has, 111 
the past, seemed to lessen tlic iiiipoitancc of diftcieiitiating niiti.il stenosis from 
regurgitation This concept jiroliabh had practical clinical ach.intagcs at a 
period ivlien suigieal icjiaii of dcfoimcd \ahes was unthinkable Non, liou- 
ever, the time has come to discaid outmoded and dogmatic prominciamcnios 

Actually, the effects of a majoi initial icgiiigitation upon the circulation 
are most profound and seiious The pulmonaic lasculai lied becomes con¬ 
gested and Inpertensne much as in sevcie initial stenosis .Snmiltancoiish, 
the left atrium becomes dilated, often to a gieatei degiec than in mitral stenosis, 
and the right lentiielc undeigoes compaiable dilatation and InTiertropliv and 
eientualh fails The usual phenomena associated uitli such iight-sided heart 
failure aie then obsened (hepatomegah, ascites, s\stemic \enous distention, 
dependent edema, pleuial effusion, etc ) 

Unlike the condition oncounteied in niitial stenosis in uhicli the left ccntii- 
cle lemains small and lelatneh hcaltln, piolected lu the initial obstruction 
fiom oieifilliiig and hence fiom oceiwoik, in significant initial insufficienci the 
left lentiicle undeigoes great dilatation and Inpciliopln This is necessari 
for the maintenance of eicn a niininialh adequate aortic output since a portion 
of each lentriciilai stroke loliiinc is ‘wasted" In escape thioiigh the inconi 
petent mitial lalve into the dilated lelt atnuni Olnioush, this is less promi¬ 
nent with smaller leaks, and is insignificant in minimal ones e\cn though a per¬ 
sistent s'stolic nuiimiu nla^ be heard If the total left ■ccntiiculai output falls 
off foi am leasoii a laiger piopoifion is lost Ihioiigh the incoinpetcnt mitral 
\alvo and the aortic output is dispiopoitionaleh icdiiced Hence clepiession 
from stiigen or blood loss is len poorh toleialcd in these cases (Fig 1, 1 and 
B) 

The sc^ent-c of the clinical course in mitral insufficicncc (and seceiitc of 
prognosis foi duration of life) is dirccth proportional to the size of the leak 
Undoubtedh, it is incersch proportional to the Mgoi and tone of the left 
centiicuhi nnoeaidiuni Pi-esumabh, as will be indicated later on, the tepe 
of the lesion causing the incompetence is also of primarc imiiortancc since a 
coexisting stenotic element mac tend gndualh to reduce the magnitude of the 
leak yhilc insufficiciicc due to aiiiiulai dilatation tends jirogrcssneh to become 


worse 
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PERICARDIAL GRAFTS FOR MITRAL rN-SUFFIClEMCY OOO 

Z^atral regurgitation ma^ be classified either phvsiologicallT according to 
the size of the leak, or pathologicallv according to the ti-pe and extent of the 
anatomical abnormalities which exist 


PHISIOLOGIC CLASSIFICATION 

Phi svologicallv the msufficiencv mav be divided sunph into plus 1, 2, 3, 
or 4 grades of seienti according to the magnitude of the leak pei beat This 
mav be reflected bv the chnical features of disabilitv, inciease m the caidiac 
size, "paradoxical ’ pulsations of the left atiTuni upon fiuoroscopv, and a 
specific pattern on the "wedge' tracing (capillars pressuie curse) obtained 
bi cardiac catheterization There is great difficultv, however, in draiving sound 
conclusions esen fioni this last tvpe of imestigation The frequencT of atrial 
fibrillation (present m 71 3 per cent of those ot our patients who weie definitivelv 
operated upon for this lesion) senoush limits the conclusions ishicli can be dranm 
from sucli pi assure cunes 




V*atTlctaar Ctjtjmt 
100 c c / t«»'- 


Orcoa lAft Ventriciiltr Oatjru*’ 
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outnut u \I^ r?n^rT ^ plcnmcaftt. ot tbo \^ix -ventricular 


I Itimateh no doubt plnsiologists mil dcselop a method for accurate 
measurcnunl of the sohimo of blood lost from the left sentrielc per beaitbcat 
1 mil that time there is no better guide to the magnitude of the insnfficicncs 
ban dmital esiinnt.on In intra-atnal examination of the size of the remirgi 
am jel It ,s rexhml of course that this xarics ssitli the lesel of the sx'stolic 
blood pressure and the iigor of the icntncular contractions and that the icWi x 
and cross seetionnl arc. oi the column or "bolus of regurgitated blood max 
produce a xan.ug t utile sensation Ilouever. u.tl, oxpcrrencc and 11.^°^ 
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as to the magnitude of the nisufficicncr m am gnen case Ceitainh lie iiill be 
able to detect an\ significant altciations in the legnigitation ivhicli niai occiu 
as a result of siugical manipulations 

In oidci to obtain some reasonable consistenci in estimates b\ laiious opera- 
lois, lie liaie attempted to achieie a lougli quantitation of the magnitude of the 
leak The tactile sensation associated with palpation of a icguigitant jet of 
blood mai be evpeiienced ncaiioush bi ejecting measiued amounts of iiatci 
from a stringe agamst the tip of a fingei immei-sed in a basin of iiatei Bi 
using sinuges iiith difteient sizes of opening an appieciation of the difterences 
m tactile peiception of a laige oi small cabbei jet maA be attained It is 
realized that tlieie aie gioss elements of inaccinaei in this eialuation, and that 
onh a consideiable expenence mil lendei a suigeon reliable in Ins estimates 
At the piesent time, lioueiei, theie is no bcttei method of cialuating the size 
of the xahuilar leak 

We consider as 1-plus an insufficienci in nlneli there is a lerj small re- 
guigitant jet, laning fiom the len least peiceptible to a slightlv moie pz-omi- 
nent one Probabh such leaks amount to no nioie than See per heaitbeat 

Two plus reguigitations aie somewhat laigei, peiliaps amounting to 10 
c e leaks per lieai tbeat 

Three plus reguigitations aic appieciabh laigei, piobabh laiiging fioni 
10 to 30 c c per beat 

A 4-plus insuffieienei is a leiv laigc one It mai uell amount to oicr 
100 cc oi leguigitation inth each caidiae sistole 

In Table I, \ie liaie classified 349 cases of initial icguigilation in mIiicIi a 
digital estimation of the leak iias leeoidcd 


Tiblf I PitxsioLorir CuissirrcATiON ix 349 Uini ItintiL IssufnriEsci, 

IN Authors '’EKir^ 


01L.1DE ) 

MMDKT 1 

I*Kn CENT 

I (1 to 5 c c ) 

90 

2S 3 

II (5 to 10 c c ) 

t t 

22 1 

III (10 to 30 c c j 

137 

30 3 

IV (30 cc and above) 

30 

103 

Total 

340 

ion 


CL VSSIFIC ITION ICCORDING TO PVTllOLOGX 

Briefli stated, mitial insufficiciicv mai be of congenital, tinumaiic fune 
tional, 01 oigtinic oiigin (Table II) 

Tiiiir II 


CLASsiriCATiON or TxrEs or \ Mn: in 
MITRAL iNstnicirNri (pvtiiolocic) 

NLMnrr or i 

r\sEs i 

1 yrrysTAf r 

Functional in9ufficiem\ 

3S 

13 7 

Organic or mechanical iniuffieiencv 

13S 

37 3 

Traumatic iiisufficicnc\ 

lii 5 ulhcionc> crontcfl 

133 

30 1 

rn«uincienc\ increased 

47 

31 0 

Congenital in'utliru nr i 
(I'oHtcd vah-ular legion) 

S 

1 0 

Total 

421 

100 0 




B\1LEY ET VL 


PER1CVBD1\L. GRAFTS FOR AIITBXL tSSErFFICIEXCr 


555 


Congcmtal Jlifral Insufficiency—While, no doubt theie tura be ma 
different congenital malfomiations of tbe mitral lalve wiucb can P™ ™ ' 

sufficient, ue haie encountered onli tuo tipes Three patients have bad one 
or more perforations of one oi both Aahe leaflets In five instances mitral in- 
sufficiencv uas recognized during digital examination of the mitral valve m 
patients uith atnal septal defects of the peisistent ostium pnmum tvpe ^ 
two instances it was proi ed subsequenth to be due to a congenital cleft in the 
septal leaflet of the mitial lahc (Fig 2, J., B, and C) 

Traumatic Insufficiency —Occasionally, mitial leguigitation mav be pro¬ 
duced b\ a stab or gunshot wound of the thorax Adam® has reported an in¬ 
stance of traumatic mitral insufficiencv due to bullet m^urv of the ralve leaflets 
Houeier, this must be an extiemeK raie occuiience clinically suiee patients 
rareh sunue such cardiac injurv 



_ CoTiKtnilnl niUral InsutOclcno Auc to pcrfornllon ot n leifleL B Xote 

^ Concenltnl mitral In^ullicleno ilue to prlniltUe clelt In 
rrptal loanct. irrom lintlci surpor) of the Hoirt courtpv Lon A Feblecr ) 


A miith more lommon t\pe of tiaiiniatic iiijitn now that surgen for mitral 
stenosis Ins become a frequent undertaking is the inadiertent creation of rcgurgi- 
tition during ittciiipts at surg cnl mobili/ution of the fused tahe cusps This 
has been obsened iii 24 S per cent of a senes of 635 consecutnc patients with 
pure nut ml stenosis and 2fiT per cent of 37G cases mth mitral stenosis asso- 
tnted with insignifmnt (1-plus) regurgitation It was of no clinical consc 
qiieiico 111 tbe nst nnjoriti of the eases, mereh representing a recommended 
evtcnsion of tl.e eomniissunal sopimtion as far as tcchmealh feasible nti to tbe 

,t , „ no, "f,,!;' ( 

“r,! -or.ons as „„l,oa,c,l l,s a„ „pcn,t„c 

m those in whom no insufiieiciiet was produced nionatitA 
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This kind of tiaumatic iiisufficieim \aiics considerabh m t^pe as Mell as 
in magnitude Piobablv tlie least seiious t^pe is that in ^\illcb the commissural 
separation is evtended somewhat beiond the noiinal onficial limits and lienee 
beiond the limits of tendinous suppoit, so that the iinsuppoited paitialh flexi¬ 
ble extremities of the newly cieated xahe “lips” tend to turn baekwaid during 
\.entncular s> stole 

A somewhat moie seiious ti^pe of tiaumatic insufficient is one in which 
the line of created -vahuilar separation deviates sliglitlj fiom the tnie commis 
sural line This results in a reduction in the suppoit of one leaflet and in a 
partial turning back of a poition of one xahe edge 

An extension of the commissural scpaiatioii fulh into the licait wall may 
result in dmsion of the atnoientiicular annulus fibiosus This peimits a sepa¬ 
ration of the dmded ends of the annulus and hence of the \ahe edges at this 
extremitj' of the onfice whieli eomplctelj pieients approximation during sjstole 
Still moie seieie is the legurgitation whicli lesults iiom sepaiution of one 
leaflet from all of its tendinous suppoits at one extiemiti of the vahe This 
IS due to a gross denation of the line of sepaintion fiom the natural anatomical 
commissuie, resulting ui a “flail” action of the detached end of the leaflet 
j\Iaxinial leguigitation is pioduced bi an actual dnision of the contlllUlt^ 
of one of the xahe leaflets This, of coui-se, is greatest when the septal leaflet 
is divided completoh, death usualh taking place within fifteen minutes of 
the injurj AYlide some ha\e pointed out that conipaiablc injun of the muial 
leaflet is less seiious clinically, nc\cithcless, it is a surgical disastei which at 
best is attended In gieat left lentnculai cnlaigement and ieduction in caidiac 
resei\c 

There are certain umisnal oi bizaire tipes of trauma which mat cause re¬ 
gurgitation, such as inadieitent peiforation of a cusp with a lahulotome, oi 
ruptuie of a papillan muscle Thei aic particulaih difficult to collect siiigi 
calh (Fig 3, A-II) 

“Functional In<iufficicnci/ ”—In a loose wai, it is gencialh lecogni/cd that 
a lack of tone of the m\ocaidium mai icsult in a dilatation oi oierstietch of 
the mitral annulus fibiosus lienee, c\cn a lahc wuh iioinial leaflet stincture 
becomes unable to hold back the legurgitant stienm because of the laige si7C 
of the atrioicntiicular canal Alost clinicians think of such reguigitation 
ns essentialh transient and reiersiblc, and lienee of little seiious significance 
No doubt, such leiei-siblc annulai dilatation ma\ occni during toxic states, 
111 the course of acute infections, and in ccitain t^pes of congestue heait failure 
due to loss of nnocaidial toniciti and hence of the mjocnidial spliincteric action 
which normalh is exeilcd about the annulus fibrosus with each lentricular 
sistolc' Such instifficicnei appaicnfh is liansicnt, disappearing wath rccoicn 
from the initiating toxemia or congestne failure 

Ilowcicr, there are other foinis of annular dilatation which maj cause a 
less reicrsible “functional iiisufficicncs ’ These arc conditions associated with 
great left ^cntrlc^lar cnlaigement Essential hjpci-teiision and aortic lahular 
disease either stenotic oi regurgitant, not infiequcnlh mai be associated with 
mitral insufficicnci of this lipc PrcsumabJi an improicmenf in the predis 
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posing condition might lead to a i eduction in the size of the left ventncle, and 
hence m the size of the annulus, and thus might cause restoration of full mitral 
competence 

Apparcnth the rheumatic process mav cause a •n'eabening of the fibrous 
elements of the mitral lahe ring (annulus fibiosus) so that a moie persistent 
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tiieh noiiiiai in stiiictnic, a lahe onficc of noiiiial si/e oi Jaigei than noininl, 
and a ]aige leguigitant jet of blood which emeiges with each lentnculai si stoic 
from the postciior poitioii of tlie lahe oiifice oiih The anteiioi portion of 
the lahe oiifiee lemanis completeli competent In mild eases the legmgita 
tioii wnll lie limited to that poition of the onfice which is immediateh adjacent 
to the postenoi commissiue, hut m the moie scieie eases it mai iniohe up to 
01 eien moic than half the length of the lahe oiifiee hegmmng at its postenor 
e\trciiiiti (Fig 4, A, B, and C) 



ABC 


Fig" 4 -—Functional Insufflclencj flue to annular o% er^^tretcli Tlio leak !s nh\a>s pos 
teriorlj located A Isormal \ahc orifice. Moderate functional Insufilclcncj C, Extreme 
functional insuinclcncj 

ProgtcssHc Annular Dilatation Due to a Yicions dlcchanim —While un- 
douhtedh thcie aie othei pertinent factors, including the condition of the nno 
eaiduim, cspccialh with lespect to rheumatic actl\lt^, it appeals that once 
annulai dilatation has piogiessed to oi heiond a certain cntical point, a mcious 
meehmusm becomes established Since the onh natiiial mechanisms eomponsa- 
toi\ foi mitial rcguigitation aie ventriculai dilatation and Inpcrtropln, at 
least the foiniei phenomenon will take place as soon as nisufficicnci appears 
Iloweiei the size of the atnoientiicular canal is piimaiih a function of the 
size of the left ^entllclc (unless fibious contraction ol the annulus has heen 
caused In the iheumatic piocess) Hence the \entnciilai enlaigemcnt tends 
to cause fiirthei dilatation of the mitial annulus This piodiices moie lahu- 
lai insufhciencs which, in turn, lequiias furthei eompeiisaton \cntiiculai 
dilatation This leads again to furthei annulai o\oi-stictch, and so on 

Hence these indniduals csliihit progiessnc and maiked caidiac enlaige 
nicnt and continuous decline m myocardial resenc Some liaic contended that 
this phenomenon, especially when it oecuis in young persons following a bout 
ol iheumatic feyei is piimarih an expression of cardiac deleiioi'alion due to 
an actnc iheumatic nnocaiditis Howcyei, the authors feel that the oycn\helm¬ 
ing mechanical burdens associated with this yicioiis mechanism if imposed upon 
e\en a normal myocardium must lead to its piogiessnc exJnustion and failure 
Must not such a process then he cycn much more dcletcrous to the diseased 
heart? Following such icasoning to its logical conclusion and especially in con¬ 
sideration of the oierwhclming mortality associated with the consenatnc treat¬ 
ment of these cases one might considci the knoyyn coexistenec of rheumatic 
actnity to he an urgent indic.ation for coircctne siirgen if saich could he per¬ 
formed yyith a reasonably loyy risk rather than a contraindication as is gen 
orally hclieyed by most clinicians Xatiirally, common sense must be exercised 
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jn cxcludmg the dcsperatelr ill patients whose nnocaidium would not toleiate 
e\en a tcmporaiw additional strain and in applying the appropriate preopera¬ 
tive prcparaton measures to i educe the operatne nsk and to enliance the 
chances for subsequent clinical benefit 

TThile naturalh it might be expected that s\-mmetiical dilatation of the 
mitral annulus would lead to incompetence greatest m the central portion of 
the lahe orifice similar to the central gap caused b\ sniimetncallv stretching 
a sheet of rubber wuth a cun ed incision in its substance, this is seen onlv when 
one of the leaflets is found at a highei leiel than the othei m the atno- 
lentricular canal Here the vahe orifice is arcuate with a eential leak 
Presiimabh this lesion is caused bi unequal suspension of the two valve leaflets, 
probabh due to imequal shortening of then tendinous supports In these pa¬ 
tients pressuro with an intracardiac finger tip against the highei leaflet nsualli 
ivill restore full competence and abolish the regurgitant jet 

In most cases the anteiior portion of the \alve orifice leniains fulU com- 
Iietent while the portion near the posterior commissure becomes gapmg and leaks 
Probabh the explanation foi this phenomenon hes m the relativeh greater 
amount or extra reser\e of ^alvulal tissue which exists in the antenoi portion 
of the lahe cone than is found posteriorlv Anatomical studies bv the authors 
upon normal freshh obtained human hearts reveal a constant difterential be¬ 
tween the amount of apicobasal svstolic leaflet oierlap (zone of contact) in the 
anterior portion of tlie lahe and that observed postenoih Fieqiientlv there 
IS little or no leaflet oieilap dunng s\ stole in the region close to the posterior 
commissure Progressiie svmnietiical dilatation of the annulus will result m 
increasing separation ot the bases of the leaflets, gradnallv “using up” the 
aiailable “rescnc ’ lah-ular tissue and icducing the svstolic oveilap of their 
free margins OInIOusI^, the relatneh slight amount of excess vahnlar tissue 


winch exists postenorh soon will be exhausted as this process adxances, lead- 
ms to failuTO of s^stollc marginal approximation and incompetence, while at 
least edge contact of the leaflets is maintained antenoi h A similar mechanism 
would seem to lie responsible in main of the cases of posterioi incompetence asso- 
tiatcd wntli sminietrical rheumatic ictiaction of the vahe leaflets (Fig 5, A-F) 

Fifts-eight of our patients were consideied to have this txqie of insufficienc\ 


in juire form that is unassociated wnth am detcctalile degree of stenosis or 
organic distortion of the vahe leaflets It must be realized however that this 
t'jie of im onipctence mai Iiccome emnafted upon ni\ of the other txTvcs of 
regurgitation if enough flexiliiliti of tlic lahe structures persists to permit 
anmihr dilatation to influence the size of the xahe orifice This is particularh 
IieHinent in eases of oiieratnch produced traumatic insufficiencx of significant 
magnitude where natural attempts at compensation max result in "reat en- 
1 irgenunt of the left xentricle and (.onsequenth in the production of significant 
annular dilal ition In turn this inenases tiie size of the leak thus scttin- into 
p a\ tlie f KtoiN responsihh for the \kious mechanism described IloweCcr it 
mix be intiiriiptial bx ,I,e Inn,is xalxe flexilul.tx these eases Likcxxa’se 
tune ion,1 insunmemx due to annular dilatation max be a fictor in tbi 
..iornll „t nnlrnl 
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ngid valves vho imtiallv de^ eloped then leak because of iheumatic distoition 
of one or both leaflets It is difficult to estimate uliat pait such supenmposed 
“functional insufficiencj ’’ maj play in the physiologic handicap associated inth 
organic lahuilar incompetence in am given case Tlierefoie, ue haie classified 
such mixed cases ot initial insufficiency under the oigauic lesions 

Mitral Insufficiency Due to Acquitcd Organic Rheumatic Distortion of the 
Vahe Leaflets —In this condition the initial leaflets are thickened and ictiacted 
due to ihcuiiiatie defoimiti and the pathologi tends to lesemblc that of mitial 
stenosis uith uliich it practicalh aluais is associated The magnitude of the 
icgurgitation vanes gicath, and nla^ be consideied, in mam cases, to be in- 
\crseI^ piopoitionnl (iceipiocal) to the amount of coexisting mitial stenosis 



Fifr 5 — \nntonilcaI evpinnatlon for posterior locallxatlon of Incompetence due to annular 
dilatation and to riioumatlc siiortcninp and retraction of leaflet substance A Lonj; section 
of nonnai \al\c near anterior commissure durlnp \entrlculnr stole. B Same near posterior 
comm**isure C Ldge approximation is maintained nntoriorh In annular dilatation due to 
o\l«^tence of re«cr\c \al\ular D I-allurc of edge approximation In posterior j)ortIon 

of \ni%e in annular dilatation T Cdpc coaptation persists onterlorlj e\en nltli shortened 
and thickened knflots F Near tl»c posterior conimi**^urc c\en slight leaflet retraction cau‘>rs 
Incompotonre 


Indeed, one might picsuine that the prosonce of initial stenosis is to some degree 
compensator to mitial incompetence Wide it is ]ii-obahK true that initial 
insufficiency (perhaps due to annulni dilatation) may become icduced to a con¬ 
siderable extent by the subsequent dcyclopmont of a stenosmg lesion, yet both 
mitral stenosis and insufficiency lepeatedh liayc been obseryed by us to coexist 
in relatiycly serious foim 

Here, as in cases of functional mitral insufficiency, the incompetence is 
nearly ahyays localized to the postciior portion of the yahe orifice Frequently, 
the antenor portion of the yahe onficc is obliterated by stenotic fusion of the 
leaflets imohnng the anterior pcriphernl and peihaiis most of the ccntinl seg¬ 
ment of the yahe orifice This results in a “tcaidrop” shaped onficc yyith its 
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blunt rounded ex-tremitv adjacent to the posterior commissural tissue Fre- 
quenth tiic substance of the mural leaflet appears to be locaUr letracted, form¬ 
ing an “incisura ” (Fig 6, A, B, and C) 

There mai be two mechanisms bv which such posterior incompetence and 
stenosis raav deielop In one, the valve initialli mav haie been subject to 
annular dilatation and “functional msufficienci ” perhaps during the toxic 
phase of the rheumatic activity The subsequent development of stenosis fol¬ 
lows Its usual pattern of centripetally progressmg commissural obliteration bv 
cross-fusion of the portions of the leaflets which come mto apposition during ven¬ 
tricular si stole However, the failure of leaflet apposition to take place pos- 


A 


B 



ivith retmctlon of the leaflets and associated 


tenorh c\on durnnr the height of icntriciihr sis'ole, cftectinlh prevents e\en 
the boginninfr of i ihuhr adliercnce in this region Henre incompetence and 
inconiplcto tnlnilnr coaptation persist postcriorh vhile prograssne cross-fusion 
of tlie leaflets adnnees from the opposite lahc estremiti until a small posteri- 
orh loc-itcd “teardrop shaped orifice ,s created This is both stenotic and in 
competent altbouuh the foniier element usualh predominates Obmoush one 

in the course of this detelopment (Fig 

Another esphnation tor the occurrence of such posterior ineonipetence 
relate, tl,c rel.tiee ,l,„„,h„ee 
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to its pauciti postellOl]^ Hence, sMiimetncal sliiinkage oi leti action of the 
■\ahe edges inll pioduce an exlianstion of the aiailable leseiic ^ahu]a^ tissue 
and failuie of coaptation of ttie edges poste^ol]^ before scstohc apjiosition of 
the lalie edges is piecented anteiioih Since a stenotic piocess nsualh de 
%elops Slnlultaneousl^, again one obsenes the phenomenon of the stenotic and 
incompetent posteiioih located “teaidrop” \al\e (Pig 5, E and F) 



A B 


Fip 7—Possible mechanism of <lc\clopmcnt of teardrop \aKe A Functlonallj insufh 
dent \al\c B Suporiniposltlon of stenosis upon the anterior (competent) portion of the 
\ahe idelj separated posterior poitlons of leaflets can never become dlrectl> fused toftetijor 





FIk 8 —A Section throuph anterior portion of valve A Section tliroudi po«;tcrlor 
Parnvisini Interprets the normal mitral vnhc anatomy In this fashion The mural jenflet con 
tributes lllllc to competence near the anterior commissure but prcatlj poslorIorl> /> Normal 
line of mitral valve closure Hence spcciflc distortion and contraction of the mural leaflet 
must cause incompetence postcriorlj but not anteriorlj (Courtcs> of Aledicina Cllnica.) 


Pai’aMsini and associates'' Iin\c postulated that (1) the miual mitral 
leaflet eontiibutes iclatuch little to \ahc closuie m the unteiioi poition of the 
orifice ^\lnlc its impoiiaiice is equal to that of the septal leaflet in accomplishing 
closuix} near the posteuor commissure (2) the ilicumatic piocess lias a sclcc 
tneh destiuctuc cflcct upon the nuual leaflet Hence leasoning from tlicso 
two premises it logiealh max be expected that the localization of initial xahe 
incompetence will tisunlh he in the postoiioi poition of tlie orifice (Fig S, 
A and B) 

Actual measurements of the noiiiinl mitral xahe leaflets in the fresh or 
preserxed autopsx- specimen indicate that the ficc niaigin of the septal leaflet 
chnractcristicalh is shorter than that of the mural (Fig 9, A) In fixe con 
seciitixc ensLs three of xihich were preserxed spwimcns and two fresh spccmions, 
the nornni mitral xahrs xxcre found to haxc the measurements indicatcil m 
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Table III Obnoosh since the free maigms and the unmediatelv subjacent zone 
of the leaflets must come into exact opposition during Tentncular si stole, this 
must be brought about laigelv br a i eduction in the length of the longer mnial 
leaflet bv a “splunetenc ’ nanoiving of the diieeth attached ventncular -nmll 
at the moment of si stole This lednction in the length of the mural leaflet 

produces a transierse infolding oi “ivTinkling" of its substance, an appearance 
11 Inch some have interpreted as due to the existence of aecessoiu or inteimediate 
leaflets (Fig 9, B ) 


Table ITT Actuvl Measuremems of Xobmal Mitral A vlves in Fate Consecutive Cases 
Tiitee Pbesetved Specimens avd Two Fresh Specimens 



VNNLLAF 1 

MLFVL LEAFLET 
(MM) 

FTEE 

MUR VL LEAFLET 
(MM) 

\N\ULAr 1 

SEPTAL LEAFLET 

(MM ) 1 

bphsspphI 

IHIHBI 

1 

40 

50 

40 

52 

o 

50 

72 

50 

62 


GO 

6S 

40 

GO 

4 

40 

67 

40 

55 

5 

SO 

105 

40 

62 




^_«<ntatlve ^peclmon of normal liiimnn mitral \al\e Note that the free 

e<Ic<. of the niural kaflit (uppor) normMK In lonper than that of the '<eptal B >*onnaI human 
H* Jr?i Aft ” InfohMnp or wrinkling in two arois of surface of 

erronoouplj an^^umc thin InfoUlIn^ to reprci<ent the presence of 
haflctff aclunlU the> arc iluc to the necv^'^ai^ infolchnp of 
♦ enu^jO b> tlir ilUcrfpancN In the lonpth* of the free mnrpin*^ of the two leafletfs whf^n 

‘If,of n.^ n.uml icaaot to m the 
nf n*,MnrL 7 {Court'«> Prof Okkolo Institute of Humnn Innatomi Copon 

' TiS I liotOfrnipli of n liuman niltrnl nl\e fhowlnp true nccop^orj or emu 
T 'nrinnl MPu 1 to occur In 1 per cent of human cajt* (Courteni 

f hulJ hrtrrMlouln^''nun.lr'™lpia‘^.,r.TA?„rrJl7 PhotORrap^ 


Du \ • nlrirular n'P^K’t 


Ftructurc which I< normal In thin npcclen j?, \trlal 


Actunlli Midi leccison Icafleis arc rather mic in human beings Rusted, 
'Mliciflci iiid rdinrds'’ Inie cslinnled that thei mai occur in perhaps 5 per 
edit of patients I m 1 d iHnstritcs not oiili the OMstence of an acccsson 
Icitlct in T luiinnii imtnl \al\e but also a rbeuinntic “incisnra’ of the mural 
batbt Hindi Ids the dTctt of Iciiglhoiiing the free nnrmn and thus causintr 
iiisunitidiei III pnn dm to lesflct nnrgnml disproportion 
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The bull hcait chaiactensticallv piesents Imo large accesson comnnssiiial 
leaflets in addition to the tMo niajoi ones (I’lg 9, D, and Dg) 

Xatiii-alh, theie aie mam sanations m the kind and magnitude of mitral 
reguigitatioii obsei\ed when it is due to thickening and distoition of the leaflets 
In some the lahe wall ha\e become comeiled esscntialh into a filirotic oi 

B 




c 

Hr s /■ inij C (For Irqcnd arc paqc oCJ ) 

calcific plaque with a round or oioid ccntial opening While such an opening 
ordimrih is small and stenotic neiasionalK one is seen which is large enough 
to admit a man s thumb Since such see ore regurgitation cannot long he toler¬ 
ated c\en In the strongest licart with the liealthicst imocardium, these indi 
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namh have a relativeK short lite cspectancr In an occastonal patient the 
Talic dructurcs mar become adherent d.tectlr to the adjacent ventricular ™11. 
producing msufficlene^ (Fig 10 A, B, and G I 



D, 

tic ^ i)i an 1 D„ (for I*‘acncf pnoi ) 

Tlicre in. nnm iiaticntss ulio present fcatuic': ot lioth funtUoml and 
oniaiiK iiKufncicmi in nriinn proportions Tliese indniduak niai haie reh- 
tncl% little nsocntcil oiinll rodiiction in the M7e oi the ^ ihc orifice (little 
is..ounted stenoMsi Imt the tliickening md distortion of the leaflets are iMucal 
01 rheumatic diseT>c 
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Anothei loim of insHfficicnc\ which must he included m tins cliissdication 
IS that which is associated with megulanti of the tlnckened lahc edges winch 
lenders nceuiate apposition impossible Such incompetence usualh is found in 
association with a stenotic hai-d lahe, often with e\tcnsi\c calcification of the 
leaflets Tins t^•pe oi meompetenee neaih alwa^s is of lelatnch small magin- 



J PC 

Fip 10—Mitral Ingutllclcno <lue to direct ndlitrcnce of papllinrj sjgtcii) nnd/or actual 
\nl\e substanci to the eentricular wall 4 Adlierenct of \al\e structures to \cntrlculiir wall 
In tilt rcftlon of tlu anterior conmilssure and B In the rcRlon of the posterior commissure 
C Adherence of tlit central portion of the mural leaflet or its supiwrtlns structures to the 
lateral \cntriculnr wall 



Up II —Insiiflklcnct associated with sii nosis in which the Irn tuliir hard 
the often calcifletl \al\c maj heconi. more neciir itel\ npposisl "f>"' P' rfonnanr. or a pru 
conimissurotoinr t I ridonilnantlr stenotic but also Incomiitti nt \ dti P Im|iro\fm(ni 
competence nft< r coninilssurotonij 


Hide ind hence iisnalh inn lie icnoied clnncalh It fiuiucnlh liccoines nn 
jirotcd 1)1 readjustment ot tlu lahe toa])tatiun aftei the peifoimatu' of an 
efieetue commisouiotonn (Fitr 11 .1 nul Ji) 

It wtU lie obsened tint ill toinis ol mitril insnflieicntt evept that due to 
uiucpiil injnllan ‘.mpension and those with dim t fusion oi the Ic ilht to thi 
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xentnrular ^^all present one featuie in common—a relative or actual lack of 
^al^e substance Hence it uould seem that anv corrective measures effective 
for them must be designed to supph this lack of available substance 

The treatment of \ahTilai incompetence due to difterential shortening ot 
the chordae snspendmg the respectne leaflets would seem logicalh to be such 
as would lengtlien the shortei chordae or shorten the longei ones The former 
concept has been expressed both b\ Dodnll'® and b^ Kav^*^ Thev have at¬ 
tempted to detach acquued adlierence between the papdlarv svstem and the 


lentrieidar nail b\ transvahmlar digital separation 

Ve' haie attempted to advance the attachment of the leaflet which is 
displaced farther toward the atnum dunng ventncular si stole bv using one or 
more transicntncularlv placed pericardial sutures to draw the free edge of the 
leaflet somcuhat farther toward the ventiacular apex. This has worked reason- 
abb well in this ti^ie of case Recentb one of us (V L J 1 has modified this 
technique so that the leaflet is not suspended b\ a suture about the free edge 
(uhich must create some irrcgulaiiti upon the line of leaflet coaptation and 
hence must create some new incompetence of a different tvpe) The improved 
technique'mtails pcrfoiation of the higher leaflet hi transientncular passage 
of a threaded probe The left index fingci placed mthin the left atrial chamber 
guides the tip of the prolie which subsequenth follows the course of the finger 
to emerge from the opening in the tip of the left auricular appendage The 
suture It bears is grasped and the piobe is remoced from the heart A knot 
IS tied in one end of a strip of pericardium 2 5 cm uade and the other end is 
out m tnpernig fashion The pointed end is attached to the extremitv of the 
transeardinc suture which emerges fiom the aunciilar appendage Traction 
upon the extroiniti cnieiging from the icntricular wall causes the pomted end 
of the ]ien(aidial strip to enter the heart to tiaicrse the perfoiation in the 
sabc and to emerge from the jninctnrc in tiic lentricnlar wall Tiie ‘‘knot’ 
(liters tlie left atrium and heiiig too large to penetrate the perfoiation in the 
\ ibc tiisp f onics to be upon its atnal aspect somewhat lateral to the free mai’gm 
\ an ihlc traelion ma\ he made upon the emerging \entncular exti-emits of 
this irtificnl chorda tendmea until maximal impiwcmcnt in the regurgita¬ 
tion IS determined hv the intracaidiac finger The cxtreniiti of the pencardial 
nblioii IS then scdired at that tcasion oi at an estimated safei tension to the 
leiitru ubir cpicarduim In direct suturing (See Fig 34 ) 


MI \st.I!I> m>I( XTD TO 0\F3UOMl \N VCTl \L OR RFl \TI\-E UICK OF 

e \i ewnsr \Ncr 

Ahirrn' origiiialb sngirfsted tlic Irnnsiciitncular pi icemcnt of a looseb 
swinging tisMic hammock composed of an iiueHcd \eiii segment, strcimthencd 
>\ a centr lib pi ued strip of f.ncn or a tendon Bailee and associates' modi- 
lud tlns u.lnu.pio ipple„,ga p.duled ,„i,e prepared from pormardium looseb 
wros. the euitri, iilar isj.cet of th, incompetent mitral onfii^c It e\Ts reasoned 
tint MU,. aM.cs looses pi,. 0.1 on the ecntneiilu .sped oi the niitraTsTc 
would t.ml to MMng into il,o or.tuc tamponad.ng it during each eenlricular 
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Siicli “iianimock” lahes initialh uoikod ^^c]^ mcehaiiicallr Houeiei, 
then placement lesnlted in a liigh opeialne moitalit\ (38 pei cent in 52 cases) 
This nas, in part iclatcd to the tianma to the ahead\ o\erbiudened and dilated 
left %entiicle ^\hlcll tends easili to go into a state of standstill oi Aentricular 
fibrillation Part i\as dne to an initial tendcncj ton aid snelling of the graft 
nhich, on a few occasions, due to its iiicieased bulk, piodiieed significant dis¬ 
placement of the lentiieiilai tontcnts illoie seiious was the not inficqnent 
piodnction of a pooih iindeistood henioiihagic siiidiome in which all cut siu- 
faces would ooze fatalh, m spite of replacement theiapi oi leopeiation 

These giafts become leplaecd paifialh hi fibious coniiectiie tissue and 
shrink to peihaps two-thnds of each ioimei dimension Hence, the iicwh 
cieated lahiilai action becomes abobslied in time Poi tliese Aanous icasons the 
proeeduie of “transientiieulai peiieaidial tamponade ’ was finallv abandoned 
as cliiiicallj nnsatisfactoi-j as well as opeiativeli dangeioiis 




FJp 12 —Tninss entriciilnr placement of petllcicti perlcnnUnl Jmmmock In tlio treatment 
of mitral lnsui]lclcnc\ A Po<iitlon of praft tiuring- dla'^lole fJ Po*;Itfon (luring- stoic Leak 
Is compicteh taniponndcd 


Rcconsulci-ation of the whole pioblcm and its \aiious lelated facets led 
iiieiitabh to contemplation of the clinical experience of othei-s as well as our 
own gionp that opening of onh one obliteiatcd commissure nsuallj is sufficient 
to pioduce great clinical benefit in patients with initial stenosis In oui entire 
senes of patients wnth initial stenosis, tieated In commissmotonn alone, we have 
found that suigical laUulai separation was limited to the anteiior commissure 
alone m 6-1 0 pci cent of the cases and to the posteiioi commissure alone m I b 
per cent This final otminng would lepicsont, Ikoicioi-c, onh the tiansieisc 
central channel of the oiiginal mitral onfice plus one of the peiiphoral (desig¬ 
nated latcial In Brock'"') sloping segments of the miti.il oiifiec The icsidiial 
fioNibilitv of the \al\e stiucturcs in these indniduals is usiialh sufficient to 
permit a satisfactorc ceeentiic tipe of lahe function ns well as an adequate 
jiassagewTi for blood flow If such a lahc aperture in which the posterior 
pcriphenl segment rennins fnscel is adequate to icstorc the patient s clinical 
health following comniis-surotom-v for mitn! stenosis, should not an identical 
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A. 




I 1 H 

Hu 12 —A \mlnniUnl *U\lFlon (1 rock) of normal mitral \al\e orifice Into three Pcp 
in'nt- a Irunpvr':'' c ntrnl h cna nl nn<l two Intcrnl or peripheral gecmfnU Top \Icw of 
\al\» / MUrnl 5lfno-*lp with ohlltcrillon of both p<rlphrrnl Fcrrment«i C \ntorlor com- 

ml «urop tn> nlon' r< tnrinp orlflclnl rJf to that of tho central and one purlphernl Pcpment, 
lnhlI«ho« clinical health 1 Ncnlrictilar diastole 2, \cntrlcular systole. D, Mitral In- 
^\ltUeh ncN llmllf I to |K) ifrlor p^rlplaral p pim nt F 'future obliteration of posterior 
rlpla ral p mm nl with maintenance of central and one peripheral pepment should pro\lde 
a I'vjuate orlflelnl pIz anil function <'fiual to that after commlp'=urotom> If anterior com 
ml‘''<viroiorn> W n»-r arv for a (h alr-<l Pt«no«l*: It phould be performed before \al\ulnr 
Milurlnc ; \'nlrlctilnr dla^loh - %»ntrlcul ir Fjstoh 

\\lulr tho oppfisiip iiKoinpi tout ]>cu])lipral semnont obliterated b\ surpieil 
'-ntnniiir '^iiuo the ])o‘.tcrioi penplicnl sifrineiit is jiiaetiealh ah\a\s the in- 
i omi'etf nt Diu tins is tlie om < liostn for siirfiml obliteration W bile the anterior 
peripbtril spijniont nftcii is ideipiiteU open as in insufiu iene\ due to annular 
dihtvtion all i is.s, ,„e\isteiit iiutrd stenosis mil retpiire prior Aal\e 

< nlnrn nil nt b\ nntf nor i (nnmissurntonu (I'n; 13, .1 F) 
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The accomplishment of this objective, the surgical obbteration of the in¬ 
competent posterior peripheral segment of the valve orifice, vrhile assuring 
adeqiiateh open and functional transverse and antenoi peripheral sclents, 
nould be greatli facibtated b^ an open technique under direct vision buch a 
teclinique is not let practicable but closed methods are alreadv available vrhich 
render this procedure fulli feasible at this time 

At first a simple method of suturing the vahe nas norked out m vrhich 
a threaded probe vras passed through the apev of the left ventricle and, guided 
bv the intracardiac finger ivas caused to penetrate the appropriate valve leaflet 
at the selected point The probe tip then folloured the intracardiac finger 
until it emerged from the opening in the left auricular appendage The suture 
material on one side of the probe iias grasped and held while the probe was 
drawn back into the heart and disengaged from the valve Then it was re¬ 
directed to penetrate the other vaUc leaflet at a selected site Again the 
probe tip folloned the finger to emerge from the left aiineular appendage 
Xow the opposite side of the suture was grasped and held After withdrawing 
the probe from the heart the two leaflets were found to be separated penetrated 
In the tno strands of silk sntnre an end of each emerging from the ventncular 
incision, the opposite emergma from the auricular 

As prenoush described' initialh it uas considered satisfactorr to attach 
tlie extremities of a Immi tissue stnp to the ends of the suture material emerging 
citlicr from the lontncnlar or the atrial incision and to draw them bv traction 
upon the opposite ends of the suture material, into the heart, through the 
pcnoralions in the vahe and finalh out of the opposite chamber of the heart 
Bi creating an ‘cic in one extremitv of the pericardial strip and passing the 
opposite one throiieh it a ' noose was fomed which could be tightened to 
am desired degree In simple traction upon the intact extreniiti The intra¬ 
cardiac finner i\as able to appreciate the eftect this tightening ot the noose 
had upon the renurgitant jet and hence upon the incompetence itself In some 
cases more than one such suture was used (Fig 14 A-D) This procedure has 
been dosinnated In the term commissurorrhaphi 

It Mould seem at first glance that sticli a procedure would fulfill all the 
rc-quircmcnts lor the surgical correction of mitral insufficiencs in the average 
clinical ease The posterior incompetent peripheral segment of the onfiee mai 
ho ohhteritcd In ai>]>ro\imation of the lahe edges in this region This abolishes 
the regurgitation or at hasa diminishes it gieath On the other hand, mam- 
tfinn<( ot the lull aperture of the anterior peripheral and the central transierse 
scgmint 01 the \ ihc oritict Mould seem to ensure a suitable pas^genai for 
atrnnuitruiihr blood floM In uidniduaK Mifh significant coexistent mitral 


t-mnu pi,,, i KnV r. u in nWlW ? ^ n'’ " thisnlr-,! prob.- Thf„ 

I r ln_ n , , 1 , I ,ji t ml . m riini ’ ..X. > tlir,-i lul prnVr 

cirUic nnc r Or ,l,i „r folur i ''!onc«l,!j> op. mior ^'^Intra- 

l--'-' -n ill nc-ic 1 fro M s ntrirulir a-%-rx.a i , XJT n'’".., ' IsirtlnlH Plth.lraT,-n to 

‘It It 1 vtl t am iiLim .m r= tl., t Unlo roilrt^tion it pltrc ^ the 

srir-Innlih i - i- [ v «), imm \ Mi r tii oXl u , iTm-'’’’‘mo’’. u 
tn\.— 1 Ui rlnrr Ih - tp 1 't ,| i ,,r I" prob- !■< \\lih.lr-iiin two futur « compIcUlr 
I tlr ,f ,ni mo U unrl, 1 t> tt xti miip ' U O'Irntlnc n inU. 1. aflet Flth'r 
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stenosis specificalh invohing the anteiioi poition of tlie ^ahe, tins element of 
impaired lalve fiinetion must be overcome In a pieliminan comnussurotonn 
procedure before appinng the lalve approvimating sutuies 

0ISCLSSION 

Unfortunateh, se^e^al untoMaid featuies weie associated i\ith this ap 
pioach In a senes of 72 patients opeiated on b\ this general technique oi 
some close modification, there weie 20 hospital deaths, a mortality of 27 8 per 
cent While this might be explained in part b\ the fact that this \\ as a pioneci 
mg undertaking mth a constantly changing dei elopmental technique, and m 
part bi the extiemeh pool condition of mam of the patients chosen foi this 
tjqie of suigeiy, it became incieasing]j evident that the piocedure ivas m- 
heiently too dangeious, and that it presented some othei ler^ practical diau- 
backs 

One of the most obnous causes of moifaliti uas the sudden onset of ven¬ 
tricular fibiiUation which tended to occur especially dining the manipulations 
of the left yen tilde It seems to us that uith the dynamieallj^ balanced circula¬ 
tion yvhich these indiyiduals exhibit, m y\hich an appieciable and peilmps major 
portion of the left lentnculai output tiavei-ses the incompetent mitral oiifice 
to entei the lelatnely loyy-piessuie left atiial ehambei while the lemamdei is 
expelled into the high-piessuie aortic lumen, a lelatneli slight depiession in 
left yentnculai yigor y\ull lesult m a much gieatei pioportional declme in 
aortic output since the majoiity of the leduced yenliicular output inll then 
tend pieferontially to enter the loir-pressure left atnum (Pig 1, A and B) 
Thus, even a slight fall in left ventricular output may piecipitate a relative 
inadequacy of coronan filling and flow, and hence initiate yentiicular fibiilla¬ 
tion 

It would seem (hat probe punctuiing of the left lentiiculai y\all, the 
repeated manipulation of the piobe ynthin the icntnclc, the iney liable mo 
mentan- distoition of tlie functioning ^ahc, and the associated blood loss, all 
tend to pioduce lentimulai fibnllation 

Autopsi studies in scicral patients who died in tlie hospital showed that 
the peneardinl sutuie or sutuies had cut through the substance of the yahe in 
seyeial instances, piesumabh liceausc of too gicat tension Iiy the tougli peri¬ 
cardial tissue in the picscnec of iclatneh fiagilc leaflets Of coui’se, this 
occuiience was accomjianicd hi a lostoration oi woi’semng of the preexisting 
lahular incompetence (Fig 15) In anothei patient, the yentiieularly^ sus¬ 
pended pciicardial stiip Iiccanie bi-okcn (Pig IG) 

Ecflcction suggested tliat tlie exccssno peiicaidial strip tension was in jiart 
due to attachment of the fiec end to the \entiieiilai epicaidium since it was 
not obsoried wlicn the pciicai dial stiips y\crc brougJit out of the relntnch 
more -Mclding auiicular appendage and wcie simpls attaclicd to its stump 
!Morco\cr, it will be percened rc.idih that at the height of icntricular si stole 
the mitral leaflets aie forcctl binkward, awai fiom the site of lentricular suspen¬ 
sion 1)1 am pcriciidial noosc-sutuic eonilnnntion thus increasing the tension 
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A. 




Firini; of the «ub«t!anco I 'Uturlnp -nlth \cntrlculir yu^ptn^Ion Is 

f Ih p^ricnriial nutiirr^q'al\e leaflets (if not hca\ih fibro^od) b> repeated tmctlon 

nep. (Courted ^r%,[To 
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upon the vahe leaflets If the\ ha\e not become icinfoiced by a fairly marked 
degree of fibrosis, the incessantly lepeated pull of the noose must ceitamh tend 
to teal thiough the yahe substance 

On the other hand, suspension of the noose fi-om the appendageal stump 
yyould seem to diminish this i sk Since the leaflets tend to approach the atrial 
chamber dunng ycntiiculai systole, the “noose” tension yyould become dimin¬ 
ished at this time Also, it yyould seem that the lelatiyelj ynelding attachment to 
the atnal stump yyould pioiide a cushioning effect against any yciy sudden 
increase in tension during systole For these leasons, yentiiculai suspen 
Sion, at least yyhen a “noose” is used to appioximate the vahe edges, has been 
abandoned 



FIp IG—DNad\antago asaoclatcd suapenslon of auturod \nl\e from the ^cnt^IculQr 

nail Incossantlj repeated strain from ventricular contraction nin> cause rupture of the 
pericardial strip This is knonn to liave occurred In one of the authors cases A, Valve 
sutured ^ ontricular suspension bj noose technique /? Dissolution of continultj of strip 
(sIt months after placement) 


Of course, if noose tension yyerc to become ieduced at the moment yihcn 
intrayentiiculai tension is at its maximum, it is piobablc that regurgitation 
might not be as fiilh icstiaincd as it yyould be yycie the tension fully main 
tamed at that time In yieu of our prcnoiis cxpeiieiice inth the ultimate fate 
of transyeiitiiculai pciicardial liammocks, it uas iiiesumcd that cycntiial 
shrinkage and fibrosis of the graft and tlie late extension of tlie fibrosing process 
into tlie adiacent yahe leaflets yyould lesiilt in sealing of tlie postciior peiipheinl 
segment of the yahe oiificc In a “yrclding’ oi fusing of the adjacent lahc 
leaflets togcthci ns yycll as to the tissue siituie That this does occui yihcii the 
siitiire graft IS laige, is illustrated in Pig 17, and B Iloyyeycr, if the 
suture material is thin, its leplacing fibrous tissue may become “stretched out” 
and funetionkss as shoyyn in Fig 1>‘' -1 

IToyycyer, a most important faetoi yyhich yye hayc not yet considered is that 
in most instances of mitril rcguigitation thcic is an actual oi relatne lack of 
sii/Tioient yahular tissue in the posfeiior iiortion of the orifice to penint edge 
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In i.ltni wi'iiK wlnn lluit i'< i <li nth ot i\ \ilnhlc \ lUnlii ti^sut it seems 
mussin to s\i|i])I\ u eith(rl»\ i t.i ifttni: itn» O'-s oi h\ tin ti'-t ot i itrosthcsis 
oi sciiin 1 mil Till mhinnt ili'-.i<l\nnt iixes isMuntid with the use of ]irostheses 
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inseitccl wjtiiin tiic ciiculatoM sAStcni, and tiie specific and o^erwhelming 
dangeis implied in ihon jilaccment 111111111 01 ncni the mitial oiifiee haie de 
tciiod Hi liom pnisnni'r this line of thought 


j 



V 

I jS _J \ t r\ ‘'Untltr jm rirnnlHl KUUir two \turK lx fon tkalh Tsotr fltrctclilnp 

out / 1 }iotnpiIrro;,nipli of x ifri* tnin*<foniK I trnft fllustrntinp /Ibrou*? chonffo 

Bcfoic (cnsKleunn tlic placement ol tissue ginfts iMthm the cardiac chaw 
hoi-s It would be well to ist iblish the ulfim.itc fate ot peiicnrdinl tissue so placed 
(tloici llendiison ind assoeiatcs** in lb)3, after a senes of esporimcnts 
in which nee and pedicled pencirdia! tissue was placed across the left lentneii- 
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Inr eliamber in dogs came to the conclusion that these gnlts liecame degen¬ 
erated and replaced In sluunken filnotic cords (Pig Ih A-D) !Mooie and 
Schumacher'' in came to somewhat similai conclusions m a similai stndi 
(Fig 20 .4 and II) Bailei Lacei and as-oeiati's ’ m I'lad had showni the 
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caihei In tluoe instances, the giaft had heconie slioitcncd and stiftci, in two of 
them being stietched tmhth ados'; tlio Jcit lenliiculai chamhei hut awaj fiom 
tlic \alse In one, the gialt tiad heeoinc seahd to tlic lahc oiificc, comiileteli 






V 

V \ 


i/. 










^ i 


- '4 

1- ' / y>(' X'^ 






A A ' ^ 






A 



C 


I-it .11—1 1 iKitoi-riipli of II ill inKal |ilii<. d 

or vlouKli n IMioUmilcrotrriipli-- of ncilont tliroui.li (.nifir 
I Imtomknifmiiilii' of ^I'rtlonn tlirnikli Lninx fourt.in iM.k-* 
iilfl SrliiiJD'iclif'r ''iirki'O 11 171 1*111 > 


in link H loart fourO * n \\i>kr 
1'! Milks iiftir plncinirnl C 
afif r plnMni'nt () rf»m Moore 


lO'-tnining all ic'gmgitation hut juodiiiui'j i lufili ihgiii ol mitial stenosis 
It was jiossihlc to jKifoim in iiistiumenlal ionimissiiuitonii nittnig the 
•_maf( awa\ from tlic sepnl katlet, thus inodiicma ^ond laiic fiinttion as well 
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as i-ehpMnt; tlie stenosis and snthont lestonng the original incompetence The 
graft remained attached to tlie mittal leaflet adding a consideiahle amount of 
new In mg tissue to its letiacted free edge (Fig 23, A and B) Fioni this ex¬ 
perience came the concept of deliherateh pei forming selectne plastic giafting 

A 
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,0 the edec ol the nnt.al leaflet I- the fomlh e.e,e. the (ti.itt 
Imlilet .n eel.he. hnt eppeetefl to e.nmta.t- .,11 o( t.e ot,8,„.,l 
length 


souicwluit 
flc\il>iht% and 




,, 03 -A Ten n,ont,i 

nnnt.; hn^e come to nutoI)s^ fom months to tno am 
I„ '’f \„J„ent of fiec intiaeaulme ,)encar(]ml snlu.es 

one Imlf m ni-s folloni P ^ «tliei-s ncic shonii in I if-'s 

,)„e of ti.esc IS illnstn.trd n y- " ^ ,„„wcs the graft was re 

T„e ..,r,e ....e d,..,.. 
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slirinka-e and contraction The thinner graft was elongated and stretched out 
tZ is ni contrast to pedicled grafts iihieh retain nineh of their histologic struc¬ 
ture and characteiisticalli inaintaiii most of their original hulk 
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lie ma\ sa\ tint pcmardial suttucs or irrnfts placed within 
ilnniht rv do not die or disint.ixritc Thci tend to Wcomc 
1.1 lihrons .-oniKvt.M tisMic and to shrink both ni Icngtli 
Till latter huoin.s tiio thmls to oiu hah oi the onein.al 
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measiiieniciit aithoii'rh it must ho icmemhcied thut initially (t^^ehe lioiu’s <o 
ten da^s) these piafts nla^ swell to two to tom times then noininl clininetei 
and hence n]a\ cncioach senmish upon the capaclt^ ot the ehambei in winch 
thc\ aie placed 

The application ot these ohseications to the considciation of tmthei use 
ot such giafts IS oliMoiis The\ caiiiiot be dejiended iijion foi piolongcd flc\iblc 
niocement Thee can he used as sutme material oi as grafts to add fibioiis 
tissue to the stinctme to wheh thee aic applied While thc\ siuink signifi 
canth the laigei giatfs leniain ot .ippieciable sire at least toi a peiiod of two 
leais and piesuiiiabh indefiiiiteh Pedieled giafts tend to mnintnm a fan sire 
and some flexibilitc pciinanciith 


r 



1 ij, -1 In pntti nt-» will) \nl\i orlllio- <if lliiiltnl «(Iii/nM/)(i s illrcct ( Int oC t/K 

MilM lianit" ln<l^ rrnill In tin tniitlon nf xipniarnnt «tpno'-ln 

tHFCTTI) SinitCI sri NO''I^ 

Aiiothoi \CM piiliiKiit point IS (oixeined witli the pos-siblc siiigital jnodiu 
lion of an incajne t itnig demee of initial stenosis \\ hile tin likelihood ot sudi 
an occuireiicc would stem to be estienieh idiiote in patients with wideh open 
\al\e oiificts incompetdit ehiefh ot cntiith because of annulai dilatation 
signiheint initial stenosis was pi-odmcd in seciial patnnls csith \al\i ojienings 
wlmh were of borderline si/e e\en atlei the jieiloimaiice of an antenoi loni 
missurotonn tFig 2~i ) 

This esiicnciKo led to a niodihcilioii oi the concept of nctiinllc siitining to 
gctliei till postciioi jioitions of the leaflets in am case where there was cum 
the sliglifcst doubt is to tin nde<|uncc of the eicntiiaJ sire of the opening In 
stead, a he^^\ suture of )iermiclinin was placed troni the caI\o snhstnine 
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.... or r/r:”L;r'X— 

atf the'Sfggerated°Lncant^ of the mural cusp due to fibi-osis and retraction 





He :f—In inllnil \ahf« \>lth iht u^unl posterior t\r- of rteurRlntion »ufflclenc\ 
r-in 1> n <lor *^1 lfmporHrll> b\ tin plncenp-nt of Ih tip of the opi.rntor P imltx tlneor Into 
llip incomp^lrnt portion of the orifice Thlp nniount*: in off h:U to the tempomn roplnccment 
In thl« r cion of thi nctu iH\ or rcUitlecl' lo«t \nl\ulnr 'ubetnnce A rpeierlorn Incompo- 
t<nt nilti-il \nl\( ilurlnc 'tntrlcuHr eeptoK whether cnn«"l be annular (lilatatlon or Intrinpic 
(rh'unntlc) phrinkact of the leafi. l« T Sam* \nl\c lUirinc illnetole proelilecl the PCptnl 
li afii t ntnlne moblllte C 1 lock ic< of Incompe te-nce be th mnpp or bulk of tho operator a 
fincer tip Ncntrlcular p>ftob I) \<lceiuac' of iporturi anil eaU* functlem proelfifal b\ 
r. lilual moblllt> of h aficu \ enirlcular lUaytob 



111 this iHiitpin .11 Its in tp.m ht 

Tills applh 111.>11 nV 111 w iissip p.riiuUtd 
1 . itli t ulnl. till iKi opi iiiii'^ rt 111 lineal 


IK « Jnllt.l lleaiK til Its fit, (do, 
tinli iiii]iercd unit onn ni of tin sppt ,1 
IK irh ialin,i IS liciorc Inifioit 
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the result aimed at Mas similar to that accomplished tcmporaiih bi placiiif; 
the intiacaichae fingei tip inthin the postenoi incompetent poition of the lahe 
onfice (Fig 26 A-D) Such digital tampoiiadiiig of the ineompetcnt posteiioi 
portion of the lahe mai lestoie complete coinpetencc, almlishing the rcgiiigitaiit 
jet, uithmit causing significant obstiiiction of the lahe cliannel Unfoitunateh 
the tiansientnculai sutunng technique limited the size of the peiicaidinl 
suture Minch could be used ooincmeiith Hence, the icgiiigitatioii meieh Mas 
leduced in mam of these cases and not completelv abolished The clinical le 
suit obtained in these indniduals Mas about piopoitional to the technical 
achievement MUth legaid to lahe function (Pig 27, A and B) Table lY 
illustiates the phisiologie changes in E N 10 months aftei peifoimances of such 
a conimissiuoiihaphi 


Taui E IV Phssiolooic D\ta os C\S 1 h X 


1 rrEOPERATI\E (12/9/52) j 

I’OSTOI ERAT1^E 

(W5-t) 

1 REST j EXtPelSE j 

REST 1 

FVUCCISF 


1 Oxsgen consumption 
(C.C /nun ) 

216 S 

202 J 

400 9 

2 A V osjgcn (tigtroncc 
(vol %) 

4 1 

4 0 

5 8 

t Cardiac output (I/min ) 

53 

51 

69 

4 Cardiac indc\ (uiut's/mm / 
M=BS) 

39 

34 

4 0 

5 Pressures (ram Ilg) 

— 

- 

- 

a ‘Pulmonan lenoiis 
capillarv” 

(30) 


- 

b Main pulmonnrs arttrt 

“0^5(43, 

20 30 

v: - 

(2710) 

10 12 

c Right \cntriclt 

— 

34 

0 

- 

d Right atrium 

— 

( 2) 


e Brachial arttn 

isoi 

70 

SS 


f Peripheral OMgiii 
snturatioa (Ct) 

90 9'/r 

92 9 

94 7 

g Pulmonan arteriolar 
rcsistaacc (dsnis see 
cm ) 

— 

220 


hitrurc* in parentheses refer 

to menn pressures 




SITIRINO Ol Till SMSl- US Till \C lUC I I \R AIIROVCI! 

In the summer of lho3, one of us (W L I ) deidoped an instiunieid 
embodniig the pnneiple of the “loopei ' mIhcIi is used in the Jiosicn indvistn 
to scM the toes on ladies stockings This instinmcnt iias designed to pci mil 
suturing of the inifral -vaho In a pinch tiniisatrial appio.ich being inserted 
along the operitor s intracnrdinc index fiiigoi thiough the oiicning in the left 
miricutar nppendige Snbscqiiont modifications of this iiisdiimeiit iiotabh b\ 
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f iv: T T ind V E B ) lia\o tiilmmated in the "mitial stitcher 
',F°; 2 TI ana J!) «1„A a roasonahU aamtae.on .nsmimant for tte pnr^ 
PO.C 8mcc this method of lahular repair has heconie possible len stota 
jniproiomcnt in the operate e coiii-se and mortaliti and in the chmeal re 
haie become apparent in these cases 



4 B 

He —lnn>ro\s(l Iiiltml Ftltchcr A open D clo«ed 


\i 1 in \TioN ov \ TK\N'>\ vnwnvR nane audi\l diiphrigm 

Most of those alio ln\e uuestipatetl the problem of mitial msnfficienci 
duiKalh’ = ’ '' liiiic come esscntulh to the same coneUision that Imng oi 
prostlutn tissnc nuisi be supplied in such a Mac as to add ucm substance to the 
fKe ediie ol the aitualK or relatneU letracted posterior portion of the mural 
leiflit It lias pointed out b\ one of us (H T \ ) that a uonmobilc perieardnl 
tube tilmed dnimndU across the postcnoi lialf of the caUc orifice in elose 
proMnutc to this ensp uould aecomidish the desired purpose Furtheiniore 
the Mrc sulire .itt.nhmenl 01 smli a sriafl at the sites of icntriciilnr nail jienc- 
tntioii Mould obviate the risb of ttarinu the v dviiHr suhstaiuc when it is thin 
nid nonfibrolii 1 ion comidete rotrictiou ot the Icdht ed"e or eommissural tis 
Slit amuist ibc inmr vcntnculir m dl (mIucIi \\oiild render icenrate valve cusp 
imictriliou cvtremelv difliinlt') vvonbl not li innicr the pHccmeiil ot such a 
irnisvalviilai juduUd tube or dnjdiniiui Since tbc tiil>e mnv be caused 
to trivcr'C tlu ventnivdar wall m au obhetm fisbioii it can bo placed at anv 
li\<l up to tin Ktmil c ih< nn^ without tndui'rennir the eireumfle\ eoronarv 
urtcrv uln.h lies upon the hn.r Mioidd one smh nrift prove me ipable ot 
bliv kiiii. dl oi tlu n aiir<_il inon a s/>,„ji,t ap]died doiurside it h\ 
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parallel pcncliatioii of the \entiiciilai i\all (Fig 29) Weight iins lent to the 
lalidiU of this Inpothcsis In the suggestion that this aetiialh had been .tecom 
plished iiiadscitenth in the case illn&tiated in Fig 2i 

III the implcimntation ol (his concept, 7 patients lia\c been opeiatcd upon 
in this niannci While the icguigitation nas abolished complcteh in onh 2 in¬ 
stances It lias 1 educed sisnificanth in all Theie iias no abnoinial tendenci 
to bleeding, theie iieie no opeiatiic deaths, and all opciated patients siihse 
(juenth haie inanitesled definite clinical benefit 


A 


n 


c 




n, .q_4 Pr< I'liriition of two tinw rlriK ppillcli<l porlciircllnl tube CT-nffJ* 

One of propo-'oa pfrlciinllnl IncNlon P 1 tfl plir<nlo nirM Is nioiailiia compIolcl> liofon 
nix nine porlcnraium C honpltuillnnl twlstlns of fzrntlK ciiiini t tlioni to nxiumc n tubular 
cliurnctrr The eulcarainl surface niu«t 1> imub to Ih on tin. outs/df IJ TransvaU ulnr ffrjift 
nlnc'd to form n ainphnnmi of U\inB tl'suf ncro-<« tlio contarltj of Hit rclathds or nctualj} 
iVacIonl mural Itnait. f When a slnplc such craft fs not larc< >nou>;Ii to abolisli or n<an} 
alKillsh tin r< curcltnllon a sfcon I one ma> lit plnr<a aloncshli It ftlirouch aiffi r< nt mfocarainl 
pnnoturisl to «lilen the r.'tralnlnt: illnphrncm 


I FIT \f \TltlCl_I Ml HI I M nf,Fn\ 

This uldod ease and f leilit' of intrafaidinc inanipnlnlion has liecn nuitehed 
1)\ mother impoitmt dt\eloiinietit—the uailnhililt of a sunjile and salisfnf 
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ton iRCtluKl of iwrtu.l kfl ^o.>t.u,llaT In passb^ tne of fhc Gemciul.aidt pvimp 
(]’)"■ 50 .1 and 75) Tho const ruction of this pump and its evpenmeutal use 
and tcstin*: ucio acconiplisliod In two of us (^^ G and AV L d) Its specific 
clinical use lias been icpoitcd in detail elsewhere” 

Tins pump is connectcfl to the cneiilation In two eanmilae one inserted 
li\ \n\ of a left snperioi pnbnonaii loin puncture into the left atnal ehanibei 
while the othei is nisei ted into the aorta In wav of an incision into the left 
snhclaMan mien AVhile it is nccessar-v mitialh to fill the pump with 150 cc 
of saline or blood and while heparin in a dosage of 1 2 mg per kilogiain is 
ncoossan to niliilnt coagnlntion these quantities me much less than are re- 
qiuied foi am otliei e\tiaeoipoioal cncnlaton apparatus of which we aie 


aw arc 

The fiemeiuluudt pump mm la used in am patient with boideiline ciicn- 
laton competence to assnit in cficctnc output of omgenated blood into the 
loita at a picssure svifficiont to maintain coronan and gcneralK bodiK needs 
Thus it IS rcndcied possible to poifoim manipulations witbni tbe heart with 
the aid of this pump which (onld not he toleintcd otliennse Dodnll” 
has nported the impleniciit itum of a similar concept with a pump of diffci- 
ent design It is lulioecd that mam otiici’s will adopt this pimeiplc in the 
fuluu as progicssueU nunc difiienlt tspes ol emdiae suigcre ale attempted 
in Imidcilnio lasis m \\hi(h the jiatnnt s (iicnlaton lesenc mm be insuffi¬ 
cient toiain linn svutcsstulh ttuough the otieiation wathont auMhme support 
■\\itli tlic adcaiitnges ot the acailahiliti ol the mitinl stitclicr and of the 
fi'cinemhardt pvmqi we have heen able to c\]>and oiir snigical piogram signifi- 
eniilh to imliuh wiinii wcie pieciouslA consideicd inopciablc oi at least 
UK 01 io< tilde 


I'ln si-NT si III H M TK lIMip I 

Tlie p.itnm IS studied iiid picpiud in the sinu iiiaiinoi as otliei cases 
foi initi il sunn n ^uuc Tl 5 pti cent ot tin sc patients base chronic atnal 
fibril! it 1011 lit iii\ .ill will he on full digit dn m nutcunuce Aflei compensn- 
iiou liislifiu tstablislicd lud <huu il iiupioceuicnt Ills icachcd a iiiaMiinim the 
pUuiil is liioiight to the opci-itiug loom .iiid is iiiesihi ti/i d piclei.ihh in the 
iisinl uiaiiiin Tins n (in <ouilnu.itiou piogi iiii of iiitrnenous Pintotliil and 
I'nx mill witli ludoti SI 111 il owgcii wliuh has hi in di si uhed In Keown Gianc, 
and Iviith ' 


Tlu i'Uiiut IS pi mil in till tim l.dnal posUiou with tin, left side nj) 
The iiMuil iiinnl pos)< Ill, ,m„„ m i,]( hi jiuuiiig in the midcluMcular 

hill hi low ihi 1)1 list ind c\t<udiii<_ hclow ilu lowci iiiglc of the scapula and 
up pusuriorK to ihi hid m ih. s|.,u< of tin s, ,p„|, phe musilcs of the 
I he si w dl III ilnidcd ni tin lim ol the skui mcisiou u\d all bheduu' points 
in ilanuml and Iigii .,1 inqmuic nirrenr 


Tht nuirlh lutni ost \\ sj) u 

tn tin tl pIiHis\<s <il 


isojKuid from thi miinnl nianiniin \esscls 
till c.rlihrii If no ,,I. ,,1 d idhi sions , mm 
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the lung IS compre-ssed postenorh K time is pleural smiplivsis the uppei 
lobe IS coniploteh mobilized but the loner is permitted to lemain adheien 

The pencardial sac is opened The surface of the usualh dilated at^rium is 
i.alpated to detect the patliognomomc svstolic thnll of mdial iiisufficieuei 
Occasionalh it is absent eicn ivhen a snniificant deni-ee of i esmtuitatioii exists 
tt hen free saitiires of pericardium are to be used the sae is incised loiigitli i- 
nalh If a transialmlar pedicled diaphracni is to he applied the sac is in¬ 
cised transierseh after mobilizing the phrenic neme Suice this fieqiientlv 
cannot be dcteniiined in ndianee it is suggested that a icir limited jiencardial 
openincc bo made at first Then regardless of nhat is deteiniined aftei inira- 
cardiac exiilomtion an adiantageous extension of the pencardial opening mil 
be fcasilile 

V'E OF THE millXl IKHTICMI’ 

At this point the patient s condition and tolcianec to svirgei' is cialuated 
It it seems probahle that his blood piessiirc and otbci iital pbenoniona mil be 
11 ell maintained mtbont the aid of a partial In-pas-, pump the defiuitiic 
procedure is beeam eautioush mtboiit it If ibc blood piessnic has dropped 
sicnifieauth or if there aic other eiidmces oi enculalon inadcquaci the 
pump IS attached quickh to the lasculai scrtciii In luscniiu: a c mnnla into 
the left atrial ebamher In i\a\ of a puncture in tbe antcrioi sinfue of the left 
superior pulmonan leiu The hranchcs of the icin an omirtlcd tiiicc distalh 
mth a licaw silk ligature ivhich is tied onh modcintch tiglith A similai 
ligature is placed ihout the proximal portion ol the coin to scciiie the cannula 
m jilicc as well as to present leakage about it Ilepaim 1 2 me pci kilocrrain 
of IkkIi iicmlit Is adininistoied inti ncnoiish md blood is pcmittcd to 
cuter the apparatus in fill n up to the filtei and to expel am inndscrtenlh 
trapped iir bubbles 

Tlu bit subclaM.iii <irlcic is niobilizctl to ns mmni The ])ioxiniaI poi- 
ncin of ilic iilcrnl w lU is ciicuclcd with a beass silk jumc stnntr sntuic 
uiiicb jacks \ij> tlif idle iititi.i Tbc distil jnulion of tbe aiten is liuatcd \ntli 
iinibilieal ta[»e wliuh is imt lied sufficienth tielitU lo nipue the lutima The 
proximal jicirtioii oi tin iissol is obsiimud mtb i jiiii of tooihed Potts ductus 
forceps and a loiiuitudin d meisKin is ni ide iii iis csjxisnl sun no xii<> Junieu 
is flushed mth diluu bcjunii solution and the iiP rial ciniiuki is inserted into 
Its lumen (diii-ited jirosinnlh t is tlic e!iinji n umoied until tbe beseled 
end OI the cannula hcs wulim the loilu lumen Tlu cinumiirciinal Irmtuic 
Plucd abom till i.iMMiinl ,,„r,i„„ oi the ic-ss,l is n.d mod. i-it. U tnbtU m 
rcstriin blrcdiim md Imld th. cannul i m pli<< 

\rtenal blood Is adniittc-d to the jiumi* cmh IJiii_ tin cntrqqKd an \om 
tbc pump mrohumm is s^ mt., a. turn oud Us sjas d is ,s,sl m-,duilli 

A direct mem inanomrtri, roidmcc mac In obtained „o„, am .omcimutis 
IcKatcdp- ripImral irt, rv <nii inm. ili. ...rt. In dim, mcdl, joiiutiue md 
tlmusi of iimunrc mmom.Pr Mpritions i„ u., ,„„.i,unz md h 

uscot nm Mso,.r.ssn. a,, i.i ar. .ondummd to ' 

Pr.s.surc linsusudKshoiiMWk.jomthm irnm m -n ,o J,n mni 2r!nn 
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W'hethei the pump is to he used oi not the distal poition of the iisualh 
sreath dilated left auiieulai appendage is eneiicled with a piiise-sfiing suture 
This IS incoipointed within a Rumel-Belniont tomniquet The appendage is 
clamped oft and the tenimial end is incised foi a distance of 2 cm Its crmIi 
IS flushed The index fnigei ot the light gloie is amputated and the bale 
finger tip is nisei ted between the lips of fhe appeiidageal opening As the 
occluding clamp is lemoied, the fingci is passed well into the left atiium, 
hemostasis being pioiided in tension on the piii'sestiing In wai of the 
tourniquet 

The lahe is sought immediateh, and its stinctiiie is exploied The 
existence and lelatne amount ot the insufficiencs is estimated fiom the size 
and chaiactei of the leguigitant jet The size of the \ahe oiifice, the piescncc 
and tspe of am coexistent initial stenosis the lotali/atioii of the tet witli 
lelation to the \ahe eommissuies and the flexilnhti of the leaflets must he 
estimated caiefulh The pieseneo of am eahitieafioii and its amount and 
ehaiactei ai-e dcleimined 

Aftci a thoioiigli exploiation of the lahe the opeiatoi will base some 
idta of the t\pc and amount of the insuffitienci the necexsiti and piohahlc 
success ot eoiioetue suigieal measuies, and tlic adiisahiliti oi neeessUs of 
perfoiiiiance of a pieluiiinan coinniissmotoim If the lattei is lequircd, it is 
pcitoiincd at onci in ouki to cnlnige the lahc uiienmg and to impiosc its 
fnnetioning Sometimes a [iiopcili peifomicd eommissuiotoim alone is all 
that IS necessaii to icstoie a eonsidciahlc degice of \ahc eompolencc If this 
cfleet IS siiflieient no liuthei eoiicetnc siiigei\ is indKatcd 

Iloweici in most instaiKis the iiisiiffidcnci willpii'sis) Then the opeiatoi 
mas gcntli inseit liis fimiti tip into the iiiconii>etent poilion of the opening to 
dotoiniinc wbethel (luic is n iclafneoi actual lath of lahnlai lixsiie posteiiorh 
01 elscwheie In mam cases the cioss scitiona! .uca of the fiiigei will add 
siifficicnth to the suhstanec of the letiaclcd mnial leitiet to lestoie complete 
competence without sciioiislv blocking the si/c ol tlu \ah( ajieilnie dnimg 
diastole This pheiioineiion is dependent upon the ixistiiui ol an nder|uatch 
tiiiHtioniiig septal leaflet (see Fig 26) 

In eoitain cases one leaflet (iisualls the muial) will )» deteimined to he 
suspended it a highei Icscl than the otliei This is suggestnc of iincqiinl 
tondiiions suspension ol the two leaflets and indicates the adsisahiJitc oi place 
ment of an ‘ailificial choidal suspension as pieuoush dcstiihed Digital 
depiession ot tins hnrhei leaflet nsiinlh will hiing.alxmt jieifect lahe apjiosition 
in these eases 

In most rases tiic le ik will he found to lx loratrd iiostriiorh .iiid om of 
the loiins ot dittrl loiim hs tiie use of a fire oi ,i pr dir led peiiraidia) iriafl 
will lie deemed nrl\i'-nhle if it is o\ri 2 jilus in mannitiirlc IlaMiig istimatcd 
with fhe fingei the iiiiount of tlic knk of lahidai sidisfanre tlie fiiigr i is re 
moscrl from the heirt ind the npiunrlane is rlamped 
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TRS.NSM.RICFLAR SLTURING OF THE \ \LTX 

\ full length fairh hroad strip of the pencardinl sac is removed from the 
region anterior to the left phrenic nerve Great care is taken to control anv 
bleeding from the remaining cut pericardial edees or from the dissected 
mediastinal tissues 

AVhen the nhe is of fiim structure the oritice is laige and theie appears 
to he an adequate quantitv ot vahuHi tissue foi sntme appi oximation vnth- 
mit tension a 3 cm wide strip of pericardium is obtained to be used as an 
oblique approximatinR suture between the portions of the valve edges making 
up the posterior peripheral segment of the oiifice Both ends of the strip are 
cut in tapering fashion and an ‘ ev c is created in one end 

AVhen it is felt tliat hccaiisc ot an actual oi relative lack of valvular tissue 
iliorc IS a necevntv foi the aiiplicatioii ot additional living siihstanee to the 
posterior incompetent portion ot the valve iirovision is made for it in either 
of the followans: two wavs If the pencardial strip is deemed to he sufficieiitlv 
long it IS trimmed so that it is 3 cm wide except in the verv middle portion 
where all excess pericardial tissue is peimitted to remain attached This is 
rolled or folded ahout the central axis of the strip in such a wav as to eieatc 
a mass of peruardial tissue 2 to 3 cm long and pcihaps as thick as a man s 
finger This is to he placed on the vcntriciilai aspect of the lahe in its 
iiRonipetcut portion ^iiicc it will sviell initiullv and shnnk eientuallv con- 
siderihle care should he devoted to cstahlishimi the eoricct size of the mass or 
‘plug The selected size is dehiiitelv established h\ the apjdication of 
siiunm: sutures of fine irton.il silk Both extremities of the peiicaidial strip 
are hevclod No eve is made 


Oil the otlier hand if the length ol the available pencardial ribbon seems 
short in (ompansoii wuli ti^o size of the lett atrium it siinplv mnv be trimmed 
to a 3 em widtli with tapinng extiemitios ind an “eve in one cud Then an 
ndditioml free strip of peneirdium iiiav he 'impaled upon the tapered 
one h\ passing the latter throiuih each of a lonuitudinnl row of o]ienimis made 
ill the former OIK Tins ptxKlucos an ucoidion jdcated mass which can slide 
freeh upon the Icnirth of the tajienmr strip tBig 31 .1 G 1 


Now li iMiiii pri]>art-d i suit ible piiunrdial sntuie the hare risrht 
iiidi'v iiiitrer is ntiinied to tin leit atriil chiiiilur The Icft-suled mitral 
stitcher is threided with a hoaw mlon sutun (No viid is inserted into 
the Ik iri b\ p iss.\s{ aloji_r (],(. uidex fiimer iiid iindei the intcnoi bp of tin 
incisial aiirii iiliir ajijicml i._re Tin open uistnimciil is applied to the free marmn 
ot the valve nnfiu id smh « ^av that the siitim bcariim laak becomes 
muamd turn itb the muni loatht AXh.n simple suture nhhtention of the 
posterior UKomiHPill s,.^,,iKnt ot tin v ,hi ,s all tint is mtemhd tlu he.ak is 
Ph.nl at . point twothipK U,, dMam. iron, the ant,no, .ommissnr, to tlu 
JHvsten,.r .pimt.on oi th, posurmr ,ml „„rdsl AM,e„ „ ,s 

oapplv ohb mndsnhst.meto th, , ,Iu the s„e ot mnril leitU, pniotrition 
iss.l.n.. isthit whir. th. h Hht ntra.tionlMumstohnonu aionruit Hn 
will ustialK h. ahnu at th. mid ],omt i„ ilu hngth ol this h iflit 
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Ha^Tiig placed the beak piopeil^ undei the leaflet, the ends of the nylon 
suture are held undei slight tension and the speailike sliding blade is adianced 
In pressuie of the thumb of the operatoi’s left hand It pieices the lahe 
substaiiee, cieating a 3 mm long slit and engages the in Ion sutuie held in the 
beak yithin the slotted giooie on its iniiei edge 




Up 31 —A simple iierlcnnllnl iiuturi Tliu<c pliould be mnde 3 cm In «ldtli tlie fidl 
aplcobn^al lenetb of tlic pericardium nn<l eliould be ninilc to taper at tlalr extremities 
R To pupplj additional praft material c-poclallj witb a Fmall praft a 1 cm a Idr aildltlonal 
pericardial ptrlj) mnj be Impaled b\ tlie orlpinal one tbroupb a ro« of lonpltudlnal puncttiri s 
made 15 cm apart Tbip produces an accordion pleateil mass wbicli slides frci Ij on the 
basal suture strip \ simple cotton suture loop should bi placed tbroupb the substance of 
the slldinp mass to Insure apalnst lo«s Into tlie blood stieam In case the nj Ion sutures 
become detached from eltin r pericardial end C I’botopraph of pericardial suture made altb 
central tidekeninp No noose niaj bi fomasl eeltb this te P» of praft 


B 5 backnnul tiaction upon tlie slidinu lilade a looj) of in Ion siituit is 
drawn u]> into its shcatli and finnil' well out ot the lieait ( it Inst h to 10 cm 
out of the instrument) The sliding bhtdt is detat lied fiom the sntuit looji 
and the instiununt is disengaged fioiii the \ ihc and rcniond troiii the licart 
One loop of inlon sutuic and two fne ends now einergt from the opening m the 
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left auricular appendant The former emer-res from the atrial aspect of the 
mural kafiet of the aahe ^vlnle the latter traverses the naUiral ^ah e orifice to 
penetrate the lentncular aspect of the mural leaflet Each of these three 
vuturc ends is fixed inihout ftiismii to the drapes inth fine hemostatic clamps 
Now if the posterior peripheral xahe segment is merelv to he sutured 
closed the threaded ncht-sided “stitcher is inserted into the heart and a 
similar mlon suture is placed at the selected point (somewhat more postenorlv 
than at the junction of the postenoi and middle thirds) in the substance of the 
septal leaflet The loop and sutiiie ends arc brought out of the appendage in 
fashion the same as the p~enouslv placed ones Such cases will he those with 
\er\ lame cake orifices and some of them mac also rcciuire the placement of a 
second more postcriorlc located appi oximating suture 

\Mien the occr-all calve size is less adequate and cvhen one onlc desires to 
add extra lie mg tissue to the retracted mural leaflet the left-sided stitcher is 
rethreaded and used Tins time it is inserted into the left atrium on the 
palmar surface of the intracardiac finger cchich is turned in a pronated 
position care being taken not to entangle with the prccnoiisk placed ndon 
sutures The “beak ’ is engaged under the posterior commissural tissue in 
such a wac as to he assured that the graft tissue mass cnll he cvell applied to 
the contracted concace free mai-gm of the mural leaflet The sliding blade 
IS dneen home perforating the commissural tissue and engaging the suture 
loop cchich IS then draccm out of the heart The remainder of the instrument 
IS disengaged from the cake and ccithdrawni Again the loop and tcco ends 
of nclon emerge from the appendage and ire tacked down wathout tension to 
the acailahle wound drapes to acoid possible entanglement and subsequent 
confusion (Fig 32 A-D ) 

Xow the tapering extremities of the pciicaidial strip each are attached 
to one of the two pairs of tree nclon ends which juerce opposite cake leaflets 
(or the mural leaflet and the commissural tissue) 

Traction is now caiitioiisk made upon the appropriate sides of the two 
nclon loops until the iree ends attached to the penc.irdial strip become draccai 
into the heart Dacidsoir has aided greatk in the application of this technique 
b\ suggesting dilTcrentnl staining of half lengths of each of these nclon sutures 
The traction must neetr he cere forcible nor must undue tension ecer be 
licmiittcil kst the cake leaflets become ‘sacced through Tudtcious release 
01 the piir-cstniiL tnision and imnipulatioiis with the intracardiac finger aid 
cri itk in the aiqiln ition nt the graft to the ccntruular nsjiCKt ot the cake 
li the he irt ulion bcioiiu- weik at me tniu it probable is related to 
tciiqxirirc iggri\ itn.n <ii tlic iiisainuuncc b\ distortion of the cake be the 
trictioii oi th( ndon oi jh rn mini suture It can be allecntcd be release of 
the trution and b\ plicdiiciit of the finger tip into the incompetent portion oi 
th( Mk, oni,M to impron ,ts imution until full cardia, cigor is restored 
Whu. iiMiic th. (..mcnlnnlt pump to mmitain the circtil ition maintcinmc 
ot th. mtn.isu , ,r,bo tiimtioii n not quite s., imimrtant during the d-finitic. 
suri. 1 . ,1 nnnipuhtnu.s sui.c u r.pln.d imrlimictllc 
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THE JOTjRXAL of thoracic sorcer\ 


Fmallv, the pericardial ends Imong tia\ci‘sed the -vahe onficc wall 
reach the pimctme sites m the \al\c fiom the \entiiculai aspect Thc^ ma\ 
meet Tntli considerable rasistancc to fnithei jiassage because of the smatlnevs 
of the perforations Hoiveiei, if the entiic giatt is inseited into the left atial 
chamber, to ieduce external fiictional diag and if the nylon sutuie is pulled 
successiveh m diffeient duections (cephalad, eaudad, antcnoi, and posterior) 


A 


B 



c 


D 



}.(p 3 _Ti-clmlqu. of u<lne tin mitril itltcln r The “tllclior has bo< n Inx rtrd Into 

th< I, ft ntrfiim nlont.Hl.lo til. orn mtor h In.l. x ani. r I I ncncln^ tl.o l/tak 
n>lon unU. r tb. frt. c.lso of tin mural 1 .ll.t / t.Unntlnt, b. nil lint blab ‘ ''t 

Hlott.Hl HiH ir iH.lnt 1.1. rcH tli. bnH t .ml t,lrkf< Uf, tl« HUtur. b. bl In b. i n 'In r 

of tb »H line bbi.b nllb.lr-iwlns .. to I" cm of tb. HUltir. looii from tb< InHlrunicm B \fl r 

Ww Flidtnk ♦klJich‘ I Ih' of th In5tnni«nt ts* nrno\»*<l fn»fM tin h/'art 
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With a release of tension between each change of ti-action the tapcicd giaft 
ends Bill soon puietrite the puiutni-es m the rahe mil enieipc fiom the heart 
and the araft will he in ]dace 

If tlie ti pe and si 7 e of the jri-alt haic been selected jiiopeih and placement 
lias been correct the icfiincitation should be ncarh oi completeli abolished 
at once, cspecialh if gentle traction is made upon the in Ion ends This slight 
tension mas be made pemancut In passing the intact tapeied end of the sntnre 
through the prcviousU made ‘esc m the othei end in the ease of the simple 
approMmating pericardial suture and in the case of the suture with an ac¬ 
cordion-pleated impaled pcneardial mass The fine cotton suture loop which 
will base been placed through this “impaled mass to preient its possible loss 
into the blood sticani (guard against the possilnliti that one of the nilon 
sutures might become detached from one of the pericardial ends) is now cut 
and rcmoied AVhen using the pericardial suture with the central rolled 
])cncardial thickening no noose technique is possible and both pcncaidial ends 
must be brought out separatcli fiom the appendane (Fig 33 A-F ) 

The mitral msnflRcienc\ liniing been laigeh oi coniplcteh collected as 
indicated h\ the lessening oi abolition of the icgui'gitaiit jet and an adequate 
residual lahc orifice ha'ing been nnmtamed the piocedurc is terminated 
Tlic finger is uithdrawn fium the heart and the appendageal stump is ligated 
and oicrseun The oieiscuing sutures nie carofnlh guided thiongh the 
siihslnnce of the emerging peneardi.il end oi ends \o great amount of tension 
upon them is permitted 


TR\Nsvm\i_I \R M'PUtlTION 01 1 RESTRUMNO 1*13110 VRDUL nUlMlR U M 

NNhciieioi tlicu is tin question is to adeqnnci of the size of the pci haps 
siirgicalU enlarged \nhc onfice, when the lalie lenflets aie thin and prcsiim- 
ahh frajnle or uJicn .i portion of the imiral leaflet or tlic postciioi coniiiiissural 
tissue IS retrarted against tlic icntnculai wall cion oblique plaicment of a fiec 
jicrnardiil siitiirp is tontr.iuulie ited oi teihuKalh not feasible Heie a trans- 
lahiilar inruardial tulw duphiagm should he empinied 

Tlieoiicritor ifter esploriii" tin \,ali< md deteiminmir upon the indicated 
lonr'-i of at lion lemoies liis ri"Iit in<le\ tinirei irom llie lioart and temporarih 
(limps till left mriciilir aiipend me lb tlien passes to tlic opposite side of 
the ta ill and afhi jlip [ntient his In on lot ited moio neaih into the prone 
IMisition introdmes Ins iindmtHi left iiidis ftiimi into the leit atiuiin hi wai 

of tlu nppuidi"o The leriiinnl edge ot i spe< i illi i oust rm ted scinimnllcahlc 
I>ro ic IS threaded wnil lieai \ ni Ion tlire id < m* hi inj t iken that the latter does 
not iKiomi twisted almut the nisiniimni (.iiided In the intracardi ir fiimer the 
pn.lH tip ,s HIM rted through tlu i. niri, ,il ir w ill in i di icon illi upirard fasiiuin 
lueinniii!. it ipimitlim hib.w ttow ird tlu i))(\)tlK ili on, iitrunlar siih ns 
-o^lu midpoint OI the 111.of tlu mural I, .lb t \s tJ,, probe tip 

_ o. u.u . u . 1 1 aim. . V. , ,, u ..s. .urn .r .r.u 


n i » I fiJIrt \ I 1 
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ontci-s the heait, tlie nifijicaitliae fingei tjp giijcles it close to the fice edge ol 
the imiia] leaflet aiul aeioss the postenoi incompetent poition of the lahe 
onhee to the leeion of the posteiior eommissinal tissue 

The probe then is caused to penctiate the postenoi lentiiculai wall in a 
cliiection dingoiialh donnnaid (tonaid the ape\), either just ahose and 
piactiealh tluoiigh the aniuilai attachment of the commissuial tissiie, oi pief- 
erablv, lUst to the centnculai side of this attachment 



■1 n ( 



I-n 33 — 1 lit place tiunt of t(i< njlon «uturxj< with i p. r/cnrdinl utrip Attnclmant of 
pplnt.nl i.clrcniiUcs of pnrlcanUtil pmft (onf of the thrw tjpc.i <lfjcr/bcdI to on" of each 
of the c< ntml p ilrj» of fr. n Ion •iiturt." It ly trnctlnn uiwn the tmorsinf, rlojoh suture 
loop* the .nd« of the tv rlcnr.llal strip nri c-iusoa to tno r th< lunrt nn.l to pierce thf 'nl'£ 
from b. Ion C Inipnlc I [v ricnnilnl suture ph rclni, the \nK( P P« rlcnnllnl strip nilh 
thlcKfnml c ntnil portion ph rclnc NaOf Imfltts f Ptrlcnnllnl fn<Is «m<r%.lne from (ipivnunpc 
f ttUirlinont of fr. > nils of p. rirarillum to npp< nJncca] stuniji 
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The i)robe tip can be felt digitalh or can be seen an assistant bulging 
the mioearcbal tissues before it aetualh pcnetiates the cpicniclnim If it ap¬ 
pears about to enieigc in close pi-o\imiti to an nnpoitant coionaii aidennl 
branch it is uithdiann slighth ami retlirecteil to nneige at a more faiorable 
site Then the sutuie home in the tcnmnnl eie is grasped and held, while 
the probe is drauii back and out of tbelioart 

Ten or more eeiitiineteis of the sutnie aie drauii out of the heart posterioili 
and the loop is duided into two scpaiate stmiids One of these is set aside ns 
a “spare ’ in ease the othei should become detaebed tioin tbc end of the graft 
\ eiri nmsoribiiig mattress sntiiic of Xo 1 bmided silk on an Atiaiiiiiatie I\ eiiiaed 
needle is placed in the niiocaidinni about the site of posteiior sutnie eniei- 
geiiie at a distance of 0 to 10 niin A single knot tbiow in.ii be jilaecd to restiain 
bleeding from this puncture wound The anteiolnteial piinttuic site mav be 
treated in siinilai fashion 


If this procediiie has been chosen imtialh the peiieaidial sac will haae 
been incised trniis\ci-sch (aftei tiilh iiiobiliriiig the left phiTiiie neno) at a 
Iciel (lose to the ntnoiciituculai luiietion postciioih Then, two suitable 
tipeiing peiuardial tubes pedielod posteiioih will lia\e been piepnred If 
the periinidial ciitinnee has been ot am othei t\pe the ]uepniation of eicn one 
satisfncton podicled iicncardial tube nin\ pitue difficult but usiinlh can bo 
aieomplishod Tice grafts are much less dcsuable because tbe\ shniik more 
Ml cNCOssue peiacardial fat is i-emo\ed In oidei to olniate the use of siituies 
the pcdieled tube is shaped b\ twisting it looseK upon its long axis taking 
care that the smoother cpicardial surface comes to lie evteriinlh A tube 32 oi 
more cciUvmeters long prepaicd trom a tapeiing strqi of pciieardiiim 0 tin 
wide at Us base and smontbh tapeiiiig to its tip (not o\ei 11 cm width of 
pcnoardial tissue here) is (pnto satislactori 

The Up of the giuft is attached setuix'h (bi sutuiingl to one of the two 
sii mils of iislon iinerging fnmi tin heart will jiosteiioih The inlraniulim 
finger tip lifts up the truisiahular portion ot the sntiiics to einsc the diieetioii 
01 tin tr-iusuuotarthnl traction to follow the disncd oblnpie toni-se both 
nntcnorlv atid postciioilv \ou (he ippiopinUe siitnic end cmci-giiig aiitiio 
Ia(eritl\ IS driwn upon The setond siUiiic siiand aits is a ‘ spare to be 
ntilncd onh ii ili, unat should hctomo detuhed from the first 


Tlu (apinm: end of the graft ]HiKtrati>s the postenoi Miitnenhi will 
tru.rscs ilu posterior half m the a Use orifne dips nndei the mid point of the 
tno ulm of tlu mnnd katlel uid emerges fnmi tlu lateral left aentri.nlar 
w 1 I, mtrm irdin finmr d<termuies tlu point it wlmh a siifliLienth largt 
m <■ Lriu tissii, Ins uithin tin nuoiupitint poitmn of the i.ih,. orifuc 
mile u( 1 uMiiL oi tin 1 mhm uU\U\ o<em it im time Uirther m nniuila 
11)11 oi tie pioK or ^r-ift sh<,ii),l lu held m tilHsiiui nmil impiMMimnt in 
inn mil n (-.p I'l uuin nl m the humr tip wuhm the imompttent porinm 
Id til. ^a^, onm. .sd,s.riI..dprMnu,sh wittUudtoluum ihout improa. 
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ment b\ tempol•nl]]^ abolishing the -\ahubii leak Aftei icstoiation of caicliac 
ngor has been accoinphsbcd the definifne lepaiatuc nianipiilations nia\ he 
resumed cautiouslv 

The dcgice of collection of the insufificiciie\ hualh achic\ed ma\ he 
estimated dlgltal]^ bv evaluating the extent of ieduction of the legurgitant 
jet The nnhanipei’ed action of the septal leaflet and the si/e of the I’emaining 
vahe apertiue should be noted at tlie same time If it is detci mined that an 
othei tube diaphi-agm is iieccssan to abolish the leak the pioeeduie is repeated 
and a second giaft is placed alongside the fli-st hut thiough slighth difteient 
punctuie sites 

The piocedui-e is teiminated b\ tving the posteiioi mattiess sutuic seem eh 
about the graft aftci removing the second tianseaidiac nvlon ( ‘spare’ ) suture 
Csuallv, vie piefei also to attach the mattress sntuic to tlie giaft substance bv 
direct sufuiing It is viell to have letained some loose oi excess giaft tissue 
posteiiorlv so that the cardiac movements will not make tiaction upon the graft 
and, hence vnli not tend to cause bleeding fioin the site of cntiaiice into the 
ventiicle 

The antenoi end of the gniit is fastened in a siinilai tashion using a mat¬ 
tiess suture in the mvoeaidium and affixing it secuielv to the giaft The end 
of the latter, if sufflcientlv long mav be tied into a knot which then is 
rendered a peimancnt one bv placing transhMon sutures of cotton Such a 
bulkv knot of living peiieaidium tends still fuithei to seal the vcntiieulai 
wound against hcmoiilngc and to insure against anv possibihtv that the end 
of the graft might he diavvn into the heait bv the svstolic singe of ventricuiai 
pressure against the tiaiisvah iilai poifioii ot the gialt dinphiagm 

If the (icmeinhaidt imm]) has been used Us action is caused to slow down 
giadinllv to jieimit the left ventiicle to lake ovei its full natiiial biiiden now 
much leduced hv the cilectiveiiess of the suigeiv The atiium is decaiiniilated 
bv euttinsr tiic pioximal enciuling suture ahoiit the pulmonaiv vein and re 
movinir the cannula The cential end of the vein is dampeil simiiltaiicoiislv 
and it IS flushed with hepaiin solution and repaired with aifeiial sutures Then 
the clamp ind the distal eii<ii<luiir sutuies are removed icstoniig noimni 7 ml- 
moiiaiv diaiiingc 

The siihelavian laiinula is removed attei eiiftiiig tlic pioximal encircling 
suture The vessel mav lie elami>cd proxniiallv and leiiaiicd hv siitniing or 
simplv mav be ligated centiallv and distalh 

Clicsf wall closure is loiitinc tisiim simple water scil diaiiiage through a 
fenestrated Iso 26 nufhial cathetci iiiseited tiiiom:!] a stnh wound 111 the left 
eighth inteicostal sjiiie ixisieiioi axill irv line 

The corieelinn of nisiiflu leiu v dm to iimi|inl siis])pnsioii of the leiflets 
Ins lioen dotailcil (I ig l-I ) 

The roeiitncnogrims on two iiatnnts treated In vahulai siUurme irc 
showTi in Figs tfi and 'll 
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of till, iH3-.tirlor '^'’"ITinn- iirolH Is F’"'”' 1,1^ pnil If fi^unil to tlif tip ,n5 .uturc looP ''’ 

burrn In “P pf, * "'^^t?rlor suture l<»R ”,?nc nnR< r lifts up tho ‘™"",\‘*' ^iurff of tin pm’*! 

r> vftor (U'M n#r —. Intrncnnimc »*»»^ mtnu lint'? tne i« dra"^ 

of til protf mu' " 




A B 

Utr TC — l PrropemtKc roent^tnoffritm In S V a I'^jcnrohl white man with wide 
ojw n (4 plup) mllml Inpuificl^ nc% diit to annular dilatation Mmo«t armchair life Loud 
(onf: apical p\Plolic murmur Treated b' aulurc oblltomilon of posterior peripheral popment 
of \nl\e orlfln with two PlnipJc pericardial future^ Kcpurcltntion deemed reduced 7o per 
r< nl // ^l\ monlli? postoperative rocntpenoprani pliowlnp plpnlflcont reduction In heart 

Kill Clinical Imprnvcnunt has been cxtremolj cUlsfartorj Mucli reduced svstollc munnur 
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The hospital moitaliU CKpenenccd in the treatment of 156 jwticnts nitii 
seiere mitral insufficiency is presented m Table V 


TvBu. y MfTiiOPS 01 Mws.nwrsT is 15(> Pstsests Opes \tfi) Upon kh Mm m 

Issi mtiFscv 
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I 

TraiisM ntnculfir pcncnrdml linmmock 

52 

20 

3S5 

TI 

Transvontntulnr ■tuturin^,'- of the vahe 

72 

20 

20 S 

in 

Modi m talvulnr nuturing 

2o 

•1 

15 

ry 

Tmn'inhTiInr posterior pennrdin) 
dmpliragm 

7 

0 

0 


Total 

150 

44 
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SUMM \R\ 

1 llitial insufficient in ne!!-de\eloped foini is one of Die Ino most 
del astatine aequned lalie lesions 

2 A functional and a pathologic classification of fins condition has been 
picsciitcd 

3 An anatomical and jialhologic cvpiaiuUioii of the tiio commonest tipes 
of mitial insnfficieiKi is gnen The chniacteiisfic tendenci toiiard posterior 
localiTation of the iiuompeteiue is pointed out ami a suggested esplanation 
has been adianecd 

4 The iilfiinafe fate of peiicaidial tissue nisei ted into the heait is shoiin 

5 The \<11 ions types of \alyulai sutnnng and then basit nndeihing 
piineiplos of action aie detailed 

C The concept and application of a iieduicd tiansyah ulai piiicnidnil 
cliaphiagm is deseiiiiecl 

7 The use of the ‘mitral stitehei ’ foi yalvulai sutnnng In the trails 
atnal approach and the use of the ncmenihaidt pump in supporting and 
maintaining the ciiculat on in unstable cases aie indie<i1ed and the technique of 
tlieir use is cleseribcd 

8 The results ot these coiiectiic attcmjits to dale Innc lieen summaiiped 


C0\tn SIGNS 


We belieye that mitiai sahulai iep<iu b\ giattmg ficc ot pcdicled pen 
caulinl tissue yyithin tlic \alyc onfiec is a complcteh sound and logical method 
of permanently leliciing initial jnsiiffificncc in most elinical cases 

In certain patients suspension of om k<illet In an aifificialh cieatcd 
“papillan snppoit of peiicaidial tissue is e\tieincly \<ihiable 

With the c\olution of these methods and iiuleased undci-standing of the 
prohlcms, the opciatuc moi-t<ilit\ and the clinuaJ icsnlts obtained yyil! won 
become comparable in mitral insufficiency to those aihieycd with other forms 
of mitral lahc snigcM 
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THE SUEGICAL COEEECTION OF IMITEAL INSUFFICIENCY 

Dwght E H \rkev, JI D 11 \RRisoN Bb\cK, M D ,** 

LvijRenceB Ellis, MD,*** (b\ iwitvtiox) vnd 
Le\\IS Df\TER, M U ,*®** (B\ IMITATION ) 
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INTRODUCTION 

I IMPROVED techniques ioi the collection of nntinl stenosis In i ah u]o])lnstA 
haic hi ought the pioblein of initial insuffieiencv into shaipei focus ]f a 
leasonablc siiigical tieatment foi this lesion can he offeicd the iihole field 
ot initial Aahe suigen aaoII be impiOAed in thiec uras Those suffenng fioiii 
pine initial iiicoinpctcnce can be tieatcd Those nho might lia\e cithei stenosis oi 
insuffieiency non being denied suigen because of this question, can be 
opeiated upon definitueh Finally those iiidniduals thought to haie imfial 
stenosis yho at opeiation pioAO to ha\c fice insiifficicncA can be tieatcd inther 
flnn abandoned 

Dunng the past si\ ceaiN, in the coiU'sc of lieating moie than one thousand 
patients nith diseased initial lahes theie has been a unique oppoifiinity to 
gain fii-sthand infoimation about the natiiic of initial incompetence clmicalh 
liathologicalh and thiuugh obseivatioii and palpation at the opciating table 
AVhilc not nithiii the pio\nice ot this piesentation the hie cicle of initial in 
sufTicicncc has become claiified the diagnosis and lecognition hn\e been nn- 
pioced, and thciefoie the indications toi suigical nitenention aic bettci 
defined' * Siinultaneoush a liettei nuclei standing ol the moiphologic jia 
thologA has been tiaiislatcd into a noiking concept ol hiitcttc patholorjij, le the 
total eflect on hemodnianiics in the liniig state of the diseased leaflets nno 
caidium annulus chordae tendineae and jiapillai c muscles 

The jiuipose of this coininuiiKation is fii-st to outline the ]i.itteins of 
inorjihologic jiathologA and to desciibe the kinetn jinthologi of this lesion ns 
obsciied in the Imng liiiman being With this foundation an ajipiecintinn of 
the cardinal importance of the iireseication of leaflet inobilitc becomes 
appaient The fiiiidainental attiibiites of puie initial insuffitieiicc aic clan 
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fled It imII I)t sliown that in pure oi mixed initial iiisufficienci one oi a 
combinTtion o£ tonditums must exist (a) the leaflets mai he too short (b) 
the annulus mav be too lar<rc (cj the leaflet niooimps mai be defectne or (d) 
leaflet margins mai be oi such texture or coiifigiiiatioii that thev close m- 
cnmpleteh It mil be demonsti ated that the problem in pure mitral iii- 
sufficienci is that of the ah^nlnic or rflnftic loss of leaflet ’tuhslanee To conect 
this loss of substince theie must be eithei a substitution of substance oi re¬ 
duction of the sire ot the annulus Vaiioiis techniques that base been ad- 
inneed to accomjilish these ends mil be leMewed L\udence is presented in 
sujiport ot the use of a smooth Liieite t aflle oi prosthesis so placed in the initial 
orifice as to obstruct the rcguigitant jet in si stole mthoiit interfering mth 
leaflet niohiliti and the forwaid blood flow in diastole 

The operation to be ]iresented lepiesents one that has been eiolied in the 
lahoraton and ajiplied to human beings The first baffle was spherical in 
shape the ball baffle The second was more efteetiie as it was bottle-shaped 
and was jilaced across the orifice with the base aneboied to the aiiteiolateral 
aspect of the anmilus with the neck of the bottle iidiiig inidei the op]iositc 
portion of the anmilus A number ot pioblenis presented bi this piostliesis 
will be discussed The spindle shaped baffle anchored at both ends acioss the 
orifice IS ajiiiarenth the most stable and efficient The rationale and technique 
of this ojicratioii are presented for consideration in the Iniht of the eaih clniieal 
results on soieiitecn iiatients 


MORIUIOLOOIC ncTiiOLons 

In mitral \al\ular disease a whole spectium of pathologic states ranging 
from pure stenosis to jnire insuffii leiiti exists Yen little is knowui about 
the iiathogenesis of these lesions but it would aiipiai reasonable to assume 
tint stenosis oemrs wluii in the bullous phase of aiute rheumatic aalnilitis 
the (m1c(s of tin le iflots are lorced together and adhere This fusion probabh 
liroirrcssis from the iicrijiherc where the range of motion is Ic ist and gra\i- 
I lies centrilh until surmfi^nit obstiuctioii mein's ft is also conceianble that 
broad 70IKS OI swollen le iflcts jiresstd into ijiposition c in sell together as a 
rthti\(I\ iiiite ]tro((xs siu h a seqiuim of eceiits would result in mitral 

sti IIOSIS 


It Is not difin lilt to (OIK cue ot a less intense inflammators rc iction nr 
"<n 1 diffiniit tape ol rention risultiiig in siaiiiuiz shorteiiiug and con 
trotun ol leafl.ts m,l < herd lo tdidiueai without c uisuu: tlum to adhtre 
This would prodm. in imompdint i ih. In out txptneiue the end result 
Ol stnl, a pitholouu i.nu.ss p, .lissificd m fist gcneril patterns 

r,/;„ / ll.M lo.s of s„I„(o,.cr-This is the 1, isn f»„„ ,n„,„o„ed 
l.r.umsK cchcrnn th, rluumatu pro,css has nttuked tin hnficts dire.th 

and !u r,siiti„L.„K,rKtnr, pn c nts th, m trom e Insmu in sv st,ile (1 m f /i 
,,n is, o I s import \nt tnmtioii m th, 1, tt \tiitrnular outfinw tract dama* e 
•'ith. .orti. 1 , i.htn suits inih, most sermns n.eomp, t, lu. 
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Type II lidatiic Loss of Svhsiancc —This occiii-s cithei as the icsiilt of 
iheiimatic caiclitis -which attacks the aimulus (liiectl-\ oi liccause of gciiciali7c(l 
left \entiiculai dilatation seeoiidai\ to iinotaidial disease and failiiic As the 
anmihis enlaiges the ^ahe leaflets otheimse adequate in length tail to 
approvimate and icguigitation lesults This meehaiiisin includes those foiins 
of mcoinpetence often lefeiied to as “luiietioiial insiifficieiui ” (Fig ] II) 
In onr o\peiionee almost all pine imtrol itisuffictcncy lesults fi-om a 
comhination of the afoie-inentioned two mechanisms f'oiis])ieuoiis featiiies 
of puie insufficionci aie the absence of ealeification and the lesiiltanl fiee 



Up 1 —Tht n\c bn'-lc morpUolocIc of incompoti nt niltrni \nl\px / nbxoliitr Iox« 

of subxtnnco 11 loxx of />ub«lnnc>* /// illrcotlonnl /I mnloccliiKlon 1 nilM I 

p.ttliolocj 

mohiliti ot the leaflets ■\^ ith mitril im ompi tern i k suiting iiom alisoluti loss 
of leaflet sahMaiue left Kiitiicxihii (hambii dilatation must occui to (omiien 
sate foi the colume icguigitated with each sisfoh if raidin output is to he 
maiiitaiiied This in fuin pioduces cni iigemeiit of the lahe iing with lela 
tne loss of siihslince augmeiifin;: the reguigitation Thus the peeuliaih self 
aggraiating nature of tins disease hefoiiies a])])aieiit 

In addition to these “pure foiiiis of mitral u truigitafioii, then are thief 
other forms m whith the iiredominaiil prolilein is usualh stenosis In gfiural 
our policA has hein to tie it onh the stenosis kim e fherf is some iiif ompe- 
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ItlUL 01 the mitnl clnMiiir mccham'^m ho^^c^er thebe pathologic pioce^^ses 
must hi incluilid m a moiphnlogii clabsification o£ initial iiistifficienci 

T<ji>r III Dirichonu/—This form ot mitral uisiifhcieiici occurs iiheii a 

stinotic mitral orifice fates into the left ventricular outflow tract (Fig 1 IJJ) 

Thi nature of the atmormalh iignl stenotic orifice prtients closme and its 
position precliiclcs obstruction In the lentriculai uall in si stole This tvpe 
oi nhe has hten discribed preiioiish as Group B mitral stenosis 

Type IV Ilalocclusion —The regurgitation in this instance results from 
the inihiliti of irrtffularh calcified leaflet margins to seat propeih iiheii the 
lahc closes (Fig 1 IT) The result is a iiblioii shaped let Again since 
mitnl stenosis is the predominant lesion in most of these cases collection aims 
onU at rtlief of the obstruction 

Tupr ^ Combined Patholoqy —FinalK, a significant number of eases have 
been encountered in nliieli fusion ot leaflet margins and hcaa'v calcification 
(the patholoin (omnion m pure mitral stenosis) icall be found at the anteiioi 
eommissiiri aihile posteromedinlh there rs loss of leaflet substinec isathout 
ealdfuation resailtiiur in a significant area of iiisnftieiencv (Fig 1 1 i 

The (in intitatioii ot stenosis and insiifncienci in such instances and thus 
the Ill iincemeiit ot suih a lesion presents a diinciilt problem IVe haie had 
miiufroiis brilliint cliunal results followinu the correction of stenosis alone 
nhon this tepe c as tound ecen thouch there is substantial associated in- 
eompetcuec When the degree ot stenosis is negligible honeier treatment 
must be ilirectid at the dominant insufiicieiica A discussion of lion to 
deterinim nhitlui stenosis oi regurgitation is doniiiiant in such i situation 
propirh I ills nithin the iiroMuce of kinetic pathologi oi heniodMiamics but 
m ordir to imi>h isire the correlation of the morbid ])attern nith the din nine 
\ahe function it inai be snd that the idintifii ation ot the signific nit lesion' 
can oitdi In madi at the operating table This is done be using the iiitra- 
aiiridilar fiiimr is i li ifilh or substitute lor the lost leaflet subst ince the 
regiirgit lilt j( t ( an thus he olistnnted nithonl interleiing nith leaflet inobihta 
\ ditridil ir filling i>r<i(reds uormilh is the liaflils i ill fiom the finger 

but the hatbts phis tin finger prcMiit rcgiirgit ition iii sistoh If ihi h ik is 
sicnifii aiil the blood pnssuri as ill rise iiom 20 to '>0 mni Tig Mitlnii a few 
lit ats 


KiMvn I vTiioun \ III lu i nin \ vmk - oi miti in is^t 11 n ii se \ 

Thin in at bast thru fi atun s th it should In iiinind 
1 Till first oi this, iin,d\<s tiu pnssure n 1 itiouslnjis In tw i eii the b ft 
aun.b In lot Mntrnh and tin lorfa It is it om o npiunut tint the 
trnlidit . 1 . vos/ob }Htu<<„ th. btl diniiile and th. lift mrn k is 
en ao r th in .In er olidit b, t\ . m iln 1 « ft cditrn li nid lorta rinis n the 
on-u.s in ot smnhs,,,. nnt. al opdimg M.„bl illow 

mon blood ,o ngur.it . 1 , tbr mch ,t th ,n i ottld b. eji.tid mto th. aorta ,s 
.fill n. iinni nupm Nn.nlnbss , ,c, of this disa.h ant in ous 

I— -t cfT.itu. sc Stoll. <,.dio„ ,ro,„ th~ kft 
MU Mil. . ip.intid ld,.od npid to ,h. lombimd aorti, o„,p„t uid ,h 
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legiugJtaiit jct must flou fiom the .unicle mto tlie loitncJc iti each ch.istohc 
penod That is, amicuIo\eu(iitulai flow m diastole must equal the combined 
^olume oi blood put out into the aoita and back into the auiicle dining each 
coutiaction (Fig 2 uppei pan) In addition tlieie is aiiothei deteiicnt to 
mamtainiug adequate \entneulat filling in diastole The foiwiiid flow in 
diastole is at a low piessuie giadient and theiefoie at a low lelotili whcicas 
the ieflu\ 111 SAstole is at a high giadient and \elocite Theie aic two ]nnici- 
pal mechanisms of compensating foi this unfa^olable dynamic situation One 




systole 


DIASTOLE 




FLEXIBLE leaflets IN DIASTOLE 


Hr —(1 pptr pnir) Tlio romblnril Yoliimc of I nml D muAt flow Into tlio v<ntrlclo 
durlns oncli illnstollc pi rioil TIil profmin fi:rn<ll<nt« iirr unra\ornblc to tin forunnl lion 
UK oppoKiI to lliL rapid pjatolic rrflnx 

donor pair) The tno principnl coiiip< nFntlne fnctora for Ihlw Inrei r \olim)i of fonvaril 
flow at a lontr ycIocUy are prolonLUtlon of dl \»toli and InrrfnFe In th< Fir of th' initrai 
orlflci < larL* K tlirotipU leaflet niobiIII\ ) 


IS that the slower flow fiom auiitle to Tontnik maY exist otti a bmgi i )>( nod 
of time, le thuitoJc mnij he proloiK/cd The limitations of bi hIm mlia die 
appucnt although a gncii dcgiec tif ineonipetciKe will oliMoiish he bittti 
tolerated wath a slow rate Tlie luiucipil nuehanisin In wlinb tinnhition is 
niauitaiiicd is thoicfoie thioiigh eh inge in the si/c of tlie milial mifut so tli it 
the laige ^olum< of blood 1i nehng at a low lelotiti m rliasloh inoiotds 
through n laigii oriflce llnii the nguigitant pt in si stole This de)iinds on 
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the waintcnanee oi leaflet niobihte (Fig 2 lower pan) The paiti.il of elusion 
o£ the orifice In the Aentnele nr In aimulus cotltractlllt^ .ire piobabh addi¬ 
tional minor factors The enriierstnne of oui efforts at suigical collection ol 
this lesion Ins been this important presen.ition of leaflet mobihtc so that the 
onfice can be larger in diastole and can become smnllei in sssTok 

2 The second import.int concept oi the kinetic pnthologc ot this condi¬ 
tion IS that niitnl regurgitation is a ptcuJiaih sclf-aggrac.iting disease "SMien 
I surnifnant .amount of regmgit.ition oicnis a certain peicentagc ol the leit 
icntrnnlnr stroke lolume is dissipated in letiogiade flow In nrdei to main¬ 
tain an .adfcjiiitc cardiac output the left centrielc must dilate to accept i 
rompcnsntiinr lolnnic of blood This le.ids to in imrc.ise in the size of the 
.nmnlns winch in turn increases the rdnlur ntsuffiacncy of the leaflets Jfore 
legurgitatioii leads to moie dilatation ind a Mcions cede is established 
Thus the self aggriiating iiatuie of this condition is defined Cointi’sclv, 
aiu reduction of reflux reduces icntnciilir coinme and as the mitral annulus 
shrinks siniuhaneonsh the leaflets nioio nearlv appioMin.ate Fffcctiie partial 
lorrection of this lesion should theietorc he scif-jurpctualuiy, proiided that 
the icntncular nnocardiiini has not exceeded the limits ot its rcciipeialne 
poi cix railnn to make adequate allowance for this dnianiic change maa 
result in the <roatinn oi stenosis b\ a pn»ccdiiie which attempts to eonect 
the leak totalh it tin time oi opciation Our txiiericnce in this uiiard will 
In ihstnlicfl 

J The third eardiiial coniepl has alrc.adi heen mentioned A\ hen the 
siircton encounters iree or significant mitral insuffiiinKi on cxplonnjr the 
mitral lahe n is i>ii>sil,]t to hold the fimier in the rccrurgil.ant jet .it the 
b itlrt bed in sm a i uaa tint the leaflets shp firmls nrainst it and a more 
"'mp( nnt \al < result.. This i> uniformh ass.nntcd anth a jirompt dee ition 
Ol ihf bhiml J,r. sMin )n is ninch as '*<1 mm IIu Althomjh insi.iutaiieems 
.ardin .m.jmt d(ic’-miintietns irt not laailihb this prompt blood jiuxsaire 
dnainn mils ,ornlit. anth in ebaated cardiu output Tin redintioii of 
tl < rn.im_it iiio must ..is,, rednn the left aentrnuiar a or! It is idt that 
s In ^ , j sninilit.d on n jirrmiinnl basis ba tin surtneal 
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Baitc\ and liis colleagues'- lepeated this opeiation in animals and hnniau 
beings snftenng tiom initial iegnigitation enpiloniig a sling made fiom a 
pericaidial petbele giaft Adequate expeiimental and clinical tiial has noi\ 
established the fact that these ‘ slings” do not siunie but shiink to atrophic 
fibious bands Among those iiho haie had similai evpeiiences are Gloicr and 
his associates ' and Jlooie and bhuniackei ‘ 

Ccitain ob]ections liaie existed iihich haie led us to doubt the \aliditi 
ol this appioaeh Fast the slings do not sunne as alieadi mentioned 
Second whethei they hied oi atiophied they ofFeied a fiamei\oik foi 
thioiubus tormatiou \nth the tlneat of embolization or oieit obstiuction 
Thud eien though the sling continued to liiiiction as planned, theie existed 
the stiong piobabilitc that it Mould become jammed into the oiifice Mitli the 
foiee of leiitiicnlai sistole in such a uai that the much fceblei foice of 
diastolic flow could not cbslodge it Pinalh an undei-standing of the kinetic 
pathologi ontlined ineiioush indicated that if .1 sling ot the piopei length to 
collect a gncn state of insufficienci in a leiitiicle and annulus of one si/c 
did in fact collect that leguigitation the size of the lentiicle and annulus 
would diminish so as to lendei the sling no longei snitalile (This paiticular 
pitfall in oui own woik will be picsented ) Foi these and othei leasons, the 
proeeduic has been abandoned e\en be its eaih pioponents 

Yeais ago when the \alvuloplastic techniques foi mitial stenosis were 
unde 1 going deielopment it seemed possible that moliilization of the leaflets 
might iinpioie the lieinocbnamics of iiisufficienci The limited place foi such 
an appioaeh is ippnient fiom the discussion pieiioush of the moibid path¬ 
ology ot leguigitation similailr the limited application of ‘‘unioiling leaflets 
and stietehing clioicHe’ as desciibed hi FodrilF is appaient Wc haie 
shaied the optimism and fiustiation of othcis in luiisunnce ot these pioposals 
Kceenth Davila Jlattson O’Neill and filoecF" ha\e desciibed an in¬ 
genious exjieiiniental technique ot lediicing the si/c ot the annulus Pieii- 
oush we ha\e lepcatedh obseiecd that piessuie 011 the postciolateial aspect 
of the let! y entncle can distort the annulus ol .111 incompetent mitial yahe 
into an elongated elipse so that the absolutely 01 lelntnch inadequate leaflets 
aie rencleied competent This obseiyatioii pioinjited us on thice occasions to 
place a distoiting sutuic obliquely neioss the aiiinilus fioin the posteioniecli il 
to the anteiolateial aspect the ends weie anchoied cxteinalh on nylon 
Inittoiis One of the patients succumbed soon aftei opeiation ind it was 
found that the degree of distoition iio^sible hid lieen quite insignificant dm 
to sheer muscle mass of the hvp<?Diopined nnocudium (Fig 1) -V second 
patient suryned and theie ysas eyadeiicc both at operation and subscciuenfh 
of impioyed hemodvnainics and 1 educed leguigitation Unfoiiunatcly she 
had a fital ccrebial embolus six weeks liter A thud patient has been 
followed loi more than a yeir In this instance the pilpablc 1 cgurgitation 
was eomiilctely obliterated by the annulus distoition at the time of ojxrition 
but a systolic murmur and presumably some icgurgitation haie persisted 
While the patient may be rcerarcled as impio\ed the operation has not 



HUiKFN FT M. '^FKOIOM CORRFCTION OF MITRM. IN-IFFICIFNCT Pll 

cnn.tiuuei\ dofinUuo thcra^n BeciURe of the chfficult^ in sigmfieantlv altcr- 
,np mnrkedli In perlrophicd lentnclcs because ot the inherent dangei of 
embolus nssotiatcd mth open ti ansorifitial sutiues and bce.inse of the 
possible larmtion in size m difTeront phases of the cardiac cicle this technique 
has now been abandoned 

Oil rcMewantr the afoie mentioned expcnniental and clinical noik, it 
would appear that the use of Imng tissue is unsatisfactoii At the same time 
wc ha\e been reluctant to adopt nonlmng pi esthetic \ ah es w ith nioanng parts 
for fear thei would wear out oi stick The paiadoN. then picsents itselt of 



-—Vutop»;\ «r»*-^lnKn IV rtrophx of thf* mxoC'\rdlum n n<lcrr I distortion of thl«: 
nnntilii linirnit. T)jf» iftcr»niiv t<-nr not corrrciod bx lit tf in'-orinclal *;iituro Note tx- 

t»'m ii btiit n< nnrhorlnc tnW <f Ftuun 


lunm nn dib te mipt Ininu tissue uid nonlninu subsl mu with moMug 
pirts \ ((im|inimis( m this dilemma iqipiats to (\ist ni i ntiumoMiiir non 
Mablo )<rosthiSis tint mn bi moved be oi with tin adiucnt mvmardinm iiid 
it till s uni liiiK pns< 1 u tin Mt d mobihtv of tlic Uadets 


Till I'oiiTioNoi Tin si)M>ij nvnii oi 11 vtios 

<bir lirsi ittimpt to i mplov i prostlusis to supjiliuHnt v ilu sidist iii< c 
m iiiitrd msiuhuui.v was with tlu Ivnit, bdlbnllb inmcdiin Tin jdan 
was to mmun till bill mi tin vintinulir iiivoiirdium jiist buitith the 
Miiiruvdir b ill. t Tins bill v is m.i to movt on ps mnoriinrs but w is In hc 
i.mud In n.vo. ininim wu. Uu difinuit mitral orifiic durum svsmlc n,,,] 
tu idl iwiv irmn lb. .,p, nine in .lnst,.l< die q, 11,, I ip spin n v ,s 
intiodu.id ibnmJ, ib, mriuii ,r app, ndam md drawn into pus,t,on bv 
suiin.. tin, bid bi.n nis.rti.l ibrmml, tin untrnnlir mvo. .rdmiii Tin 
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maneineis \\eie essentialh similai to those used and illusliated heic in 
connection i\ith the spindle-baffle opeiation The lesults of this opeiatioii 
iseie discoiiiagnig The eight patients on iilioni it i\as peifoinied died in 
fioni one dai to nine months attei siugen It nas appaicnt that the terminal 
com sc in these dmig patients had not been inteiiiipted Examination of the 
piostheses at aiitopsi confiinied the laboiatoiv eMdence that thej neie iiell- 
toleiated and did not eiode the nnoeaidium Analysis of these human cases 
lioueiei leiealed a iallaci in oui concept of the shape of the left lentiicle 



Systole 


-t - Thi*< tlKon tlcnl iictlon of the ball bnfllt not acconiijllslif il b< caiiPt of the abnonnnl 

contour of the <lllnted \LntrlrJt Jn mitral lr»‘^uMlclenc^ 

in initial insufficienci \\c had failed to take into (oiisideialion the cnoiiiioiis 
dilatation of this chanibci tliat ii.as jnesent ('oust(/iiiiitli iilien the ball i\as 
placed on the nnocaiduini beneath the leiitiiculai leaflet it in fact, tame to 
lie Intel il to the ^ahe oiifice and not neai the oiifice nheie the motion of the 
nnotaidinm could hung about the dcsiied ooclusnc effect in sa stole The 
hall sniijih had no effect on the onfiee in hie t\(n though in the atonic state 

at autopsc the jiosition seemed sitisfactoi\ (I’lg ">) 

'I he t.uhne of the hnll-h iflle led to an altciation m its slinjic so that it 
could tiavcise the incomiietcnt oiificc clTcctnclc .V Liicite piostliesis in tlic 
slnjio of I bottle uas nncliorcd iho\c and helon tlie antci olateinl aspect of the 
innnlns ,ind its neck engigcd eitlui nuclei tlie midpoition of the aortic 
Ic ifftf oi uridei the postcronicdnl fnni^o of Ic.iflot inscifion on the iinnuhis 
l'.\ pluiiur tlie Inffle jiioperh in the initi.il defect the siiiie elecntion of 
sc".t<)h( hhiod pic'-'-nrc himight ihont uitJi tJic fingci could he chiphcatcd 
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^Fie f>) Tuent%-lour teriinml patients inth pure mitral insiifficienci iiore 
opt rated on using tins piotedure There aiere sc\en iiostopeiatn e and seaen 
late deaths An anahsis of those deaths m terms of principal cause is rela- 
tnela simple hut m actual fact except lor four technical difficulties incident 
to the insertion of the prosthesis the terminal eaent nas eeiierallv a combina¬ 
tion of more than one factor In thicc patients the prosthesis that seemed 
appropriate in si/c to correct the defect encountered at opciation did eaentu- 
alh oacrcorrect the insnfficicnca nhen the chaiiihei contracted and reduced 
the annulus m sire The leaervil of the seli-aggrlaating cacle’ clesciibed 
earlier aaas efiected aaitli fatal consequence Fiae patients suceumbed from 
cinboli ,ipi»irentla propagated Ironi exposed sntiiie matciiil There a\ as one 
embolus oi the jirosthesis itself This bottle had been inadceiuatela anchored 
due to technnal jiroblcms at oiieiation It represents the onla such tiageela' 
in tin SCI us Three ol the patients aaho succumbed from emboli and taao 
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even a pci feet mechanical cal\e might go iiniecogni/ecl m the face of malig¬ 
nant nnocaidial pulmonan, and luei changes (Fig Jo) Howecei, the 
incontioi ei tible inipioi cnient of some ot the patients confiimed tlic eoiiect- 
ness of the punciples im oJi ed 

The appaieiit nrtnes of the method demanded that (1) the technique 
of inseifion be made simple and leadih lepiodiicible, (2) the bafJle lie ni¬ 
sei ted in an effectne position with both ends anclioied so that the caiiations 
in clinical lesiilts attending alteiation ot the baffle position do not oeciii, 
(3) that exiiosed suture mateiial be elinunated if piopagation of clot and 
tlieiefoie embobzation aic to be aioided, and (4) a baffle ot ]ust sufficient 
size to initiate the self-peipetuating letuin to mitial competence must be 
iiiseited so that mitral stenosis does not occui 

The fiist 01 tcchmcal difficult! seems to haic been meicome in the so called 
spmdle-baffle piocediue illustiatecl heie The opeiation has been earned out 
seventeen times luth tliiee siiigical deaths and one lute death Xonc ot the 
deaths iveie due to teehnieal piobleiiis at opeiation 

The second piobJcm, that of anchoung hoik ends of the baffle so that the 
defect inheient in the bottle pioceduic—the possibiht! ot the iinaiichoied 
end becoming dislodged—has been sohed The anteiioi and naiiouei end is 
anehoied iiiidei the leaflets and annulus uithin the ehambei of the icntiicle 
wheieas the largei end of the teaidiop shaped spindle is fiimlc fi\ed ahoie the 
annulus posteiioih Thus, while substituting foi the loss ot substance and 
allowing the continuation ot full leaflet mobiliti the baffle cannot migiate out 
of position (I’lgs 7 and 14) 

The thud pioblem of emhohzahon oi piopagation ot thiombus Jioin ex¬ 
posed sutures has appaientlc been contioUcd Thcie liace been none thus fai 
This impioiement is almost ecitaml! iclatcd to the fact that the technique 
illustiatecl allows him anchoung with minimal exposed sntuic miteiial The 
jiatients ha\e liccn iilaeed on Ilepaiin immcdiateh aftci siufceic foi tne dais 
then shifted to Diciimaiol foi fnc weeks 

The louith ]ntfall—that ot nisei ting too laigc a baffle find cientuilli 
Old correcting to mitral stenosis —has not occuued since flic spindle baffle lias 
been used JJccognition of the potential jiroblem is the best pioplnlnxis in 
tins situation 

Till TFCIlNiqi 1 OF TIIF SPIXOnE-Il VU-Lt Om It VTlO^s FOR TIIF CORRFCTIOX Ol 

IIITRIL. INsLFl-lCLEN'CV 

The p iticnt is ancsthcti/cd with I’cntothal and an endotiacheal tube is 
nisei ted ^Minimal nmounts ot ethci maintain anesthesia The resjniaton 
assistoi” '= IS used loutineJv, thus ensining maximal oxigcnation md caibon 
dioxide cleaiancc 

With the patient m the right lafeial decubitus position the aiqnojnnte 
skin prcpaiatuiu and draping arc followed bi an incision oiei the entire left 
sixth intercostal sjiaee The nitersiMce is opened and the sixth nti is elnid'd 
U the Itaiisetrsc proecs-, postenorh and thiongh tlie e.irtil ige at the steniuin 



IMPKIN FT \L 


vl Kt.U VL. lOUI>ECTK>\ OF 


MITKVL FHOIFNCT 615 


It iicce‘:'^nrv the ftlth co'^tal tartilage is also diMclcd With the libs spread 
the tlavsical cardiac md pericardial silhouette presents The pnlinonarv 
arten is getieralh small and ha-potensno The leit luiicle is often tiemen- 



tic r—Tlip l-.'UI'^lnnii 1 15 In A mori. fA\ornbk iH>«Ulon for ob'tnictlm of the rvinirj:l 
tint I t iinil iiri m I toifl. i niohlUu Note bulclnc left vinlrUuWr tamm. \r Unni an 1 chnnsL 
in 'iihi l:i If hall art, a \ihli 
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doisaJJ-j llctutetion of the incised iiiaigins of the peiicaidmm nfloids e\- 
ce]]ciit e\posmc oi the left aiuicnlni appendage the Jafeial aspect of the 
left lentnele and the phienie suiface of the left and light ^cntIlcles 



FifiT —TpclininiJt tin biifUe operation Dacint: Iht anltrlor nioorlnp of balllf* 

Ik*{o\ the antorolntcrnl niartrln of the annulus 


PuiNC siiniff sntnies ,iie then jilned iihoiit the .lutinihu apjundagr, tJie 
K’uinel toiiniKiiKt is atl idled to one ot tlicse sntnies and the tip of the 
ajipendage is aiiipiit-ited nitli in aniKle el imp toiiliolling blood loss 'Iht 
fiiigci IS then instiled into tlic .imitlc ind Hit nntnie of the mitml in 
eoinpeteiue exploied The fingti is jilaccd omi the 11gnigitaiit pi m taiimis 
jiositions and the jiilieiit s blood pressure is thei Ked The most eficttite posi 
tioii of the fimrti baffle” is that uliifli piodiues the gieitest rise m Ihe 
ststolit inessuie is 11 iioi ted b\ the anesthesiologist 

The iie\t sttjt is to plate a spindit baflle of ippiopiialt si/t and sliajii to 
smudite the saint in dfetf of the fiiiin i-baffle \s the snigton pilpalts Hit 
oiifiee Mith till tlisf d iili d iiiN of his light iiide\ fingti he t nn toiiipirt 
\aiious si/ts anil shipts tif b iflles tvitli the < ot i espondiiig ph daii\ of his h ft 
iiide\ fillet 1 thus ill dull!. I nasonibb sdtttion of m a|)[)i tijn iati> ])i ostlit sis 
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m^ nrnbh the greatest leak occur:, pocteromeai ilh The llalro^^ 
uul 01 the -.pmrlle is ihercfore pi iced antenorh just benenth the annulus 
n^niuM .he centmuhr nnocnrdiuni and the brondei extremity is broucht uj 



\ 


J k —T I ]L { tl I Ir II li iiT ni-rilUn 1 -cox* rinc th ntilUTbl n1I« from tli* 

r\\irl*t»Hr Iiim n. 

thriiii-’li tin ontK t and fi\(d itostmuiudulh just dxnt the anmilus Time 
th, )>ri e^i, els <<,nns to In oblnpxeh throuch the mitral a ihe It presents 
a smooth n iiinnctiK polished Incite sxirfiee to the Iraflets as thea xlose in 
s\etol( ml Inc nisi It decs not intt rl, re aiitii tluii inobilita allows nn 
h ntn'c r, 1 o]ciiiii_ in ‘liistolf Ttie iibli<|ne jiositnni triairsin!r tin oriln e ni 
siKt s snnj'lc inc lit It ion of h ath t <b fi< lent a reirardU ss ot , liain.es in si 7 e of the 
niiulus md •c'-tln aciitruh tin. ] 4 i 

Tin ]'lo)n_ o th, b ifh is u Im \. .1 as lollow e V 1 J,,„ null, iMencdl. 
ui h t!i<c sr mi' oi hnnhcl \o ] «n ion sntiin swidi^nl on its , ml is 

nnm’o.i tiird.h ihr mao, inliiii i so thil it , nt, rs tin diamlnr o. tin lilt 
a, I'n’c ’n r il , n*i rior > oi iiinssijn 'lij s 7 ),, jmiiu oi tnt-a is in m 
-I c l<ta,< I t!>. ntini,-disc imlin-: ami .In , ir, unili, \ br mins 

' o T c "c 1 s\ tr -a 1 istln nthr, nh d up throu.h th, mitr 1 oriii,, 

' ’’ d'.' id on 11 . j.,„d, r ,s illust-,t,,l In, <1 t 




OIS Tin loiHWi oi rnoHMK si ikii it\ 

iHodlo IS ]),iss(fl lliioiii'li the njipiopnute spiiKlIc-lianii Jl is tlidi KiiisLitc’d 
into tin left iiuruli usiiif,' tlic fmgci ,is a guide and diucti-d so as to jm ue tlic 
auiHulai siiif.icc of })ie pnstciioi scgiiicnf of flic inilr.d aiiniiliis fl'ig JO) 
Tlu iHcdli IS fin ill^ pushed fliiough Ihe Miifiiciilai ni\ 0 (aidnnn Innealii (he 
eoronan sinus and cii<uni(le\ coionars aileiv, (o esit lioiii tin lieiul just 
medial oi just lateial to Iht posteiioi desrending foionan aitcM on (he 
])hienit asjied of the left leiitiieh Thus, liaeing in (ffed (laeeised (he 
luait, (In iiosleiioi end of (he thui neloii sutuus is (nd to a inlon Initton 
1 'j <m in diameter He (untion on (lie looii uhnli is still diieienng lioni (he 



h ft auinulii ajipendairi tin iiosImioi hiitton t in hi piilli d iiiiiil\ against (In 
posteiioi e\all of (In h ft eentrnh ulnre i( nts as tin iin hoi to; Ihe Inoail 
posteiior < nd of tin spindle Ti ntnni is in\t aptiln d on (In tluee inlon 
sutuus as (ln\ issin fioin (In anterior uall of (he left \entinh diawiii" the 
spiinlh to tin lutnnlar aiijnnditn (ria 11) I nitliei tintion proinil' 
tirnid uith tiiainrul.ition of Ihe oinn end of tin ajijiend igi and hint inin)\al 
oi (In finiri I makes it jiossihh (o “hoh’ (he sjoinllc info (In In nt uitlnnit 
signitn int blood loss *\s (In aidmoi huKon is slipped alone' tin thiee iimoi 
inn sutiins i lomphteh stable position uiidei nn di siu d di nu e oi tuision 
( III Ilf itiniind n m 121 
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On nnmerous occnsions the blood pressure has risen 30 to 50 mm Bg 
iniintdi lttl^ nitci phcinc the prosthesis jnst as had occmred iihen the let 
i^as obstructed inth the finger This obseriation -would seem to substantiate 
the palpatnr-v eiidence of sicnificaut diminution in the lolume of the regurm- 
t int pt ind indicate a salutari effect on the cardioiaseular d-enamies The 
fincer is then inthdraim from tlie appendacc as the purse-string sutures are 
tied Fiinlh the auricular margins arc oierseicn (Fig 11) and the peii- 
cardniin is Inni-eh elnscd inth a pad of Oelfoam oier each button 
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•>“” Tin IOMtN\r>Ol TIIOHAtK M IK.im 

111 the (iKuInlon sliiU' nl niipialion aiul the blood piossmc iailod to use 
Piosiinialih, tlic nnoiaidiimi bad lailod ji if\ ci silih \o\ oi tlicloss the pi os 
Ibcsis AS as plncod smpih as a last losoit at this jioint The jiaticiit awakoiunl 
and H'siioiidod foltowinp siii'rcis but (piioth ospiiod ssitlim oiio balf lioui 
with a )iiof,Mi'ssi\oh laihiip iiuopiiulium 



11^, IJ T«ihnJnU’ of lh» Hplh^Ui IrnOU oih riitloii T)ii baMh I/; draun Ihinli Into tJa 
nbUijiu poMitton h% (rnctlt»i^ on tin >tu(ur*iM Th« pOMjtion Jh M\ii} Hlltllni, Tin butlon down 
tbo jniltjr* M nnd ur(n^, It nl tin <U«lr«d toiiPlon 

Till' sctoiid tniluip followed a teibiiiealls simple opiiitioii, and llir 
pitieiit iiiiule tlu' uiiewiitiul postopeiatne usimiise sinnlai to that we hast 
tome to espett altti tlu salsiiloplastit touettion of miti il stenosis lloss- 
est'i aitti eatintf a heaits bieiKfasI on tlu nunniiujr of the tilth jioslopt i.itist 
tin aiul ill ihiiifT a phone tall to lui Inisband slu siuhh nls tiiiiud ht i he,id 
pasped and e\]uied ssithin i low sotoiuls Autojiss lesiahd notliniLr nioit 
than a Inifth' in a lonpiletils siitisl.utois position (1 ijr 7) The th ith ispii 
Slimed to hnse been due to an unto irrhstbmia simil ii to the stolos \d ims 
atlat ks she h id o\]i( i u lu ed jirt opeialis i h 

The thiitl siiipual thatli nsnlted tiom inadsirtiiit dislodijment ol a liipt 
(lot Horn till' aniule in i pitienl who hat] had a laiin femur il embolus re 
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mo-\ed a le^\ da^s bcfoie Tins patient probabh should not ha^e been ofleied 
this procedme loi the icnson mentioned, and also because she had untie 
stenosis and insufficiency The one laic death occuued in a man mIio uas 
biought into paitial compensation bv pioloiiged medical treatment inehidiiig 
one mouth in the hospital piior to siiigen The spindlc-baffie furthci im- 
puned this compensation but one month alter disehaige iiicyei-sililc lon- 
geslne failuic leappeaied and led to his death 



Fie 13—no ntetnotn-£iin of n ^)^U<■nt In tlic cplnOli bnnie "^erke The left nurlclc com 
prises tlic bulk of tin. ctr.iiac slmaov\ o-vtendinc to the loft nnd rleliL 1 eft tcntriculnr enlnrRc 
merit ]« nvp'irt nt In obllnui ikn' kunp hclJ« nrv rvHtl\cl\ clear 

The siinniinr iiitieiits line hid iiu omp n.ibh smoother jiostoper itne 
eoui-ses than those patients y\ho hayc hid olhei tyjies of siiigciy for the 
eoi let lion ot imtial iiisiiffieieney Furthermoie ohsenatioii oi the patients 
since dischaiifo tiom the liospit il is einoiiiagilig 

A eoiisoitatne note must he sounded y\ith nspett to fiinl fyablation of 
Ibis proeedurt bet luse yy< Iiaye bteii dis ipjiomted btfoie iml the prubkiii of 
initial iiisutluieiiey is i imieh iiioio tomplox one than that of mitral sttiiosis 
The It tt yontiieuhr nnoeardinl component at least in these teiiiiinal ])afunfs 
ropiesents a lat toi that makes the fayoiihh i espouse less dramatic the re¬ 
sult loss immediate and less complete and ptihaps e\cii renders cond yahi 
suriieiy less oln um" ( ert unh it this piocednre can help these Urnunal 
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)i uunts irul I'- Uptl with ftw or no 1 ite tomiilit itn'iis it will nfioitl more 

I’rmiitii rt'-nh'- when ]i.tient‘- \u tiei>te<l who <lo not hn\e the tiipphnir 
'-((otuliri fh'ln£:e^ ^hiir li) 

In th< hr^t le'ir oi our tvjKrKute with thi I utite spnullo-hnfile opentioii 
for tin torrcition ni mitral nmaiffitient^ it would ajipear that an optratioii 
ri I'-oniihle m pniu iple Mnijile ot niipluation and saint art in effect is aiail- 
ahlc Tht opention ])robal)la < an he pertonned wath a low surpical mortality 
(ompirihh to aahnlopl ista in the a irions staircs of clinical illness 

1 Ik tonipltxita oi tlu <Iinu d and pitliolosric problem hoaaeaer dictates 
thit tlKise patnnts aahom thnn il itim m •'table and aaho tan safela aaaait 
turllurta iluition oi thi' protednu should do so On the other hand patients 
who Iiaat inire mitral insufHiieiua and a host tondilion is deteriorating on a 
tiood mednal reeinu tan (onstientuiusla he offered this pioceelure 


aiai VK\ 

1 \ nmrphohniu elassifii itmii oi tlu )>atholooa (if mitral insnfiieieiiea is 
prt seated 

2 ''oiiK < irdmal u attires tn the kinetie patholoira are desinhed 

. Various tcihnuiuts that haae been tned in other tlinics to correct 
imir il msnfiK n m a are rt a lew cd 

■1 ''oiiir III the itrohkms iiitideiit to fht surincal torrettion of mitral in- 
sufucunoa ••re ihfnud 

> ^ anmis uumki cssful ttchuniues iii our ONjicnetice arc mentioned 

d The ritioiialt titliintiuc and rt suits oi tin hall-liafile Iiotlle bafllc and 
spimlh Infllt opentions ire prtscnttd 
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III l)a\iln, T C, ^fatt'-on ^\ A\ , Tr, OXeill, T T E and Glo\er, R P A. iTetliod for 
the 'Surgical Lorrectioii of .Mitral In‘:ufhcienc\, L Preliminnr\ Coii'nderations, 
''Urp (.i\ net and Olist 98 407 41J l‘)54 

11 ^Ialone^, 7 A Tr, ITerrick, M S and M hittenherger, T L A Dcmco Producing 

Regulated A‘:b^^^ted Respiration IL The Prevention of Hi'po^ entilation and 
Media-'linal .^^otlon During Intrathorncic Surgeri, Anesthesiolog' 13 23 32, 1952 

12 Afalonei, T A Tr, Derrick, A\ S, M hitteiiherger, 1 L, and Panes, TP A Method 

for the Measurement of Pulmonan A eiitilation During Anesthesia, Anesthesiologi 
13 571 57(1, 1^52 

]31‘JCL S''IO^ 


(PtPERb B\ BVILEA, JVAlIbON, BAKST BOLTON, NICHOLS, AND GEAIEIN'HARDT 
AND HARKEN, BL.ACK, ELLFS, AND DEXTER) 

DR CHARLES B REPSTELfC, Brookirn, H Y —Tlie problem of mitral insuflicienci 
IS one with which Dr Bailex, Dr Harken, and man^ others ha\e wrestled for a long time 
and, although it «eems we are a bit nearer to a solution, there is still a long wn\ to go 
In annhzing the pathologi in a good mnn\ cn«es no hn\e seen at nutopsi, certain fact' 
halt become quite striking to us 

III main cases the pathologv seems to be a pulling down or adhesion of the mural 
leaflet iii the posterolateral corner and with a flexible knife this can often be freed and 
dnidcd and pulled up into place in uhicli the ivai Dr Dodnll described about a ^ oar 
ago A\ e ha\e foiiml that this realh does nork and it is i)uite often possible to conaert 
uhnt appears to be an absolute lack of \nhe substance into a relntne lack 

This IS not alwaas enough, because in addition to the shortening of the chordae and 
the adhesion of the niurni leaflet the A A ring i« dilated and iisiialla the posterior leaflet 
aaill not staa in position 

AAc have tried to hold it uji ba passing the suture under tlu hafiit in much the saim 
waa that Dr Bnilea s sRug aciidentalla got there but doing it aaitli tendon, ns Gordon 
Murraa and others showed some time ago Tendon grafts suni to be uell tolerated in the 
heart and do not fibrose and shrink nnaa AAc hnae tnkin pnluiaris longus tendon and used 
that to support tin leaflet and to fill the gap in tin jiosteronii dial comer 

In addition to that are hnae expcriiiiiiitniia usid a piirsi string suture to decren'O 
tlu size of the annulus, Imt so far aie haae not had the coiiragi to tra this m the liuninn 
being To date aaitli freeing of the posterior lentlet supporting it aiith a tendon graft 
avi hnae operated on 17 pntuuts aaitli mitral insufhtieiica sonii of ai honi hnae had con 
comitant stenosis There haai been no dinths in this group ami 14 patients art initinll' 
improaed but oba lotisla the folloaa up is s(i|I too sjmrt to be ilogniatic about it This is 
lUst otlerid as niiotlicr aaaa of doing the snmc thing 

DR FOREs>T B DODRILL Detroit, ilich—I slunild like to disiuss primnnla the 
tape of deforniita aahiih I Inai encouiitired in sjmji fonsecutiai patients m aahom opera 
tioii has been carried out for mitral regurgitation and to illustrate a tajie of proci dure 
aaliich I hnae attimptid iii tlicsi patients 

The rigurgitatioii is niaaaas at the jiostcrior coinmissurc In si\ of the seaen jiaticnts 
It aans till literal pO'tonor leaflet aahich aaas inaolacd and approMiimtela one half of the i 
hail markid contrnitiou and sliortening of the < hordni ti ndineae aahich held the posterior 
asiHCt of tlu kallet dnaa n into tlu amtruli and priaintid its closing during tardiai 

sastole The aalae leaflet itself i« not niaessarila destroaid iii other aaords if it is 

brought up into proper jiosition so that it apposes tli, opposite leatUt the regurgitation 
is minimi’cd or corrertid In tavo of these pitnnts tl,, disensi aaas definitela eongenitnl 
since one aaas a a tar old child and the otiu r a 7 a tar old chibl achom I had seen for a 

mimbt r of atars Afost of ma patients ditl not giae a histora of rheumatic ftaer and it 

IS qiit'lionaldt afliether all of them niaa not lie congenital in origin 

Tlu pronduri aahuh I carra out consists m inserting the finger into the atrium pas 
mg it doaan through the \alai to palpati tin chordae tendineni and papillara niiisi h IT 
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tlu' 3' f<3iini7 to 1>0 'lion Olol ).r»\nitin7, \a1\c <lo'un tUo finger ib genth inserted under 
tie 3. lUi knllu and trni 11033 is niiidi ujiwnrd toward the atnum B\ “O doing, one 
„rolnill\ Iii.l „intl\ 'tr.ulii' out tin. i Iiordat tiii'lincae until the Idood, during cardiac 
si'toh, h.hind ih. \al\< K itlet and further tends to jiubh it upward toward it' 

pto]«r\*o ition That thi' iiKihini'iii uttiinll) otcuT' i<= home out 1 )\ the fact that in one 
of iin ]alit<nt' th. nniriaur w i' 'till i«r»'iut afti r operation hut after the course of two 
month' almost totiilh ill'qipi irml The fir't jiatieiit, upon whom I operated ncarU two 
11 irs 11^0, Ins )„,31 nil nth lathitiru.d It i' -ten that hi' pulnionnr\ capillar) prc«<urc 
1- now s iiini 11^ or i"entiill\ normal whirni~ at thi time of o[irmtion it wn' TO mni 
llg Ml jiitiiiits hi) I SUDD id the iiroctdiiri 

Thi joint I should like to 111 iki i' thi' if Ihtri is siifhcient talvo kalkt for clo'uri. 
of till \al\i mill if this \ iln tissue i' siinph distorted and pulled out of place it i' 

hittir to tr\ to u'l this tis'in and to jmt it hack in the proper place if thi' la po'siblc 

Tlitral r< ^urLitatioii i' a 'Din disease and it iv will known that a regurgitation of 

oni 'iMli to oni lifth of )il\e ein iiiiifi reiiie di i re ISC'- tin cardiai outjiut h\ at least ^0 

(M r ei at o that nil) di^ni of iiaiiroM ini at i'a gri it him fit to the jiaticnt 


lilt T I (I Nhll 1 1‘liiladelphiu I'a — \t tlii' jioint one thing should he ijiiite clear 
lint then in a inriiti of ntu' of niitril )al\i ri„urgil itioii ind that no om. specific ttpe 
of tiihmijui or jiroiidiin will iijijvl) to all tin si sit 3 ijtions 1 should liki to suggest one 
l)|>i of (orriition that hin not hi 1 n adei|iiatih lajilorid at till' time that is, the U'e of 

h in^ tis'iii ratio r than prii'tlo-ie and sutnri H ehiii()Uisoim of which )ti 11 not he 

1 ) mlnhh at tiiio 

hatto r fortnn iti I) 111 sono Diies of mitral n giirgitution wt hnd a large left atrial 
rii ituhi r and al > i 1 iri.i hft niiriculnr iippendage, and tins tissue is ntailahle for use as 
.rnftiti_ mati rml Om 1 ua lomplitel) intaginate, in certnin of thc'i individimls, the left 
ivuu ular ajusudv.i down ihrou_h thi mitiiil \aUi orifii e nnd wrnj) it around tin deficient 
I'l !• nor h ntl< t flos si 3 nu|[, 3 ,^ Dr Harkins finger hafile miuuUMr it plnce* n hit of 

ti u tliit 1 in 1" mil, without nn\ sjas 1 d tialmiqins into a luk winch is iipproxiinatih 

1 lar„i IS ihi tiri.i r nad u cun hi anchored in a snminr fn'lnon as thi jirosthttic repair 
I t tho I through till nimuhi or hi low tlu t oronur) \essits 

Dr Hirlui iirnhnsi/id (hat tin \nl\o niotilitv is import int 1 suiilU the mitral 
1 irtir h ill, 1 is till I ir„i iiiohih s uHiki leulh I and it has niU'|nati motion ns can he 
apiririiiti I with till fiii^ r tliroiiLli tin orifiii nnd this mil mn)i, hack nnd forth nwn) 
from till hill of 11 II, Ont tj,,, di ficient posterior h nlh I so that on 

Im t, I It Will ms II mil xlio unti nor 1, all, t will ilosi n^mnsi n in si stole 

I mil ,1,110 11 trill. Its a,,iv.nram, in do„s H, re is i)„ imsterior h nfl, t destroiid 

ml t, (1, si ti tl, „„ rtisl nutieulir ipje n-lag, It i« hung tissu, netualh il has no 
m .f Umi, Is ,u „,ii sutiir." iir. jda, si through it This is the anrti, 

Il , It , 11 -n- will It IS till ,,iil\ uiohde h-ifl, t On ss-st„h ,1 w,p ,li,sn ,,„J 
I II, 1 t' st lis T J ill 1 ' 


I s 1, ,1 il.iii C ri.„,h „„ „u 1 „„. suiiatmas ni Ih. rah, that mil lend 

I U I 11 ! n'l, ,V I'u 'T' *" '‘'’'’Ut "-Int IS 

I MI*' .1,1^1 . If ' 

, , \\ , ,, • "> "iih It Moot i.ppli and tt mil not mil), ,f n nnehori 1 

1 1, s 11 ' 1 ,1 ” ‘Mhnuiii, without opirat.M 

I , , m ii'ti ' '' -utiiri and 
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tendiiieae and scar tissue b\ a small right angle neurectomi knife whicli has been intro 
duced through the left lentncular wall, using the finger within the mitral \nl\e as a guide 

DR CHARLES P BAILEY, Philadelphia, Pa—As tou know. Dr Harken and I 
'eldoin see eie to eit on an\ neu subject for seieral lears, but eientualh no do the 
same thing, ei en if we call it bi different names It is eiident that we are becoming 
closer in our concepts and methods of nianagcmciit for mitral insufhcicnct 

This IS the slide which Dr Harken thought demonstrated a tricuspid \ahe I do 
not think it IS a tricuspid lahe and the\ did not think so at the Institute of Human 
Vnatonn at Copenhagen, from which I obtained the specimen If Dr Harken considers 
e\tr\ wrinkle in the mural leaflet as an additional commissure he must deem most inhes 
mulluuspid It took me six months to find a suitable human specimen of a mitral \nlve 
"ith an additional or commissuml leaflet Here is a picture of it A quadncuspid \ahc is 
quite normal in the bull heart but Dr Tesse Eduards of the llaco Clinic estimates it to 
occur onh in about 5 per cent of human cases I do not know win Dr Harken has found 
so main hearts of the bull ttpe in Boston, but we do not find them in Philadelphia 

This slide is shown again to emphasize our old hammock or sling operation for mitral 
insuflicienci and the spindle baffle operation of Dr Harken’s Although it is true that he 
allows his spindle baffle actualh to he through the \al\e orifice, I can see that we arc 
getting a lot closer together than we were 

I do object to Dr Harken’s repeated statements at medical mei-tings that our opera 
tion IS designed to treat predominant stenosis and not regurgitation Fift> eight of our 
imfients who wore operated upon had no stenosis at all And unless one wishes to exclude 
from treatment all patients who lin\e sonic stenosis, it is nceossnn to treat mans individuals 
with some stenosis beenu“c about three fourths of patients with serious regurgitation present 
some narrowing of the lahe orifice 

I see that he has had experience with 51 patients Our operntne experience has 
been with 150 patients, so I think we can recognize serious insufiiciencx and the results of 
surgical treatment at least as well as he can 

I haxc clearh indicated our enrh and late mortalite on the statistical slide Perhaps 
Dr Harken will tell us the same ahout the IS patients operated on hi his latest technique 
How iiiani left the hospital nine, and how mnni are nine todni 7 

DR DYIGIIT E H VRKETC, Boston, JIiiss (Closing) —i sjjnll Jinn to send Dr Bailci 
this miiiiuscript I snid specifienlh, of the cigtitce/i patients, four died in the hospital That 
would mean that 14 left the hospital nhic One has died sinei, and unless someone has 
ilnd sinei I was up here five minute ago, the otlii rs are liwng, and I might sni doing quite 
wi 11 

I do not wish to prolong this foolish exihaiigi, lairtii ularh with referonei to the dis 
(Ussion of bicuspid, tetmcuspid, and tricuspid leaflets, but when the jireiious speaker showed 
his slide a second time xou max have uotiiid that there was quite a liiffireiiee in the contour 
of the posterior eonimissunil area and the niiti nor zone "i nu must iithir (Oiielude that there 
w IS one lontiniious horseshoe leaflet or, ns I loiitind tfiat Ifnrt win two luilenfations jios 
ti riorh and, ns is oftin the ease, a «ipanit< set of i liordm that ilnrh idontifi a posterior 
lomniiosuml h aflet This is seen wlnn the ring is oja n, and it is a (omnioii nrningemeiit 
Close serntiin of specimens at the autojisi tiibh will i onfirm this Dr Tesoi Edwards has 
biin quoted and I must sax that cveept for a diffirenec iii percentages, wo are in sub 
stantinl agrcimcnt about the morjihologie txpes Tin i olon d sfule sfiowid an anterior com 
niissumt h iflet Again, wt are liKxlx to *-tt thosi things tfj it wi look for eurcfullx , xn ciiuiiot 
find those things whnh we do not know about This exdmiigi his readied the point of 
dmiinisliiiig r< turns 

Dr Ixipsliin Dr Kax and Dr Dodrill hnxe prisentid an iiiti resting and <.halleiiging 
l< chniqia We slmll gixe fiirllur atliiitioii to this nmiieiixer We hnxe not found smtnhh 
Ixpes at nutop'X or in the ojii rating room in the ;inst Fixi xiars ago I perfornieil fix' 
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LKJATIOX OF CELLOPHANE-PROTECTED ARTERIES 

Oforge L Birnbalm, M D * 

Portland Orf 

INTRODl CHON 

I T OCCLRRED to tlie \Mitei tliat Cellopliane maA he of Aalue jn tAiiig ofl 
fiagile 01 Nclciotie aosscIn espoeullA in cases oi patent ductus aitenosus 
Jolinson and KiiIia' cinpJiasiFcd that most patent ducti can he s'^cuioIa closed 
In ligation in contmuitA and that iccuiience is caused Iia iaihiie to tic the 
Ugatuics tiglith enougli TIica use size 0 silk and emphasize that umbiheal tajie 
01 othei heaAA niatciial binds upon itselt, so that complete occlusion ol the 
Acssel IS not at all ceitaiii On the otliei liand finci ti pc ligatuies can and haie 
cut tluough the ductus In oldei childien and adults the ductus aaaII iiuia 
become fnahle and the pulmonaiA aiteiA jnessuie elcAalcd, incieasiiig the iisk 
ot hemoiihage dining suigen Ligatuics oi clanijis can cut tlnougli the 
Acssel A\aII 

HISTORA 

Since tlie oiiginal icpoils ol ligation ol a patent ductus aitenosus In (boss 
and Hubbaid,' ’ Potts and associates,and Toiuoft'’ the tiend has been toAsnid 
complete dmsioii latliei than ligation NcAcitheless ligation is still aikIcIa 
used and is consideiod the simplest and safest pioccdnic in main cases 

Holman ami associates® in a senes of scAcntA-fiAe jinticnts AAith patent 
ductus, treated eight in' dnision and sinTa-sin In imiitiple ligation in conlinnilA 
Thcie AAas a lecuncnee in one ease nftci ligation Aiith one ligatme, and the 
ductus Alas suhsequenth dosed Antli multiple Jigatiiics Jn one patient the 
condition iccuncd altci tuple ligation Avith foiniation ot an anennsm Aihicli 
AAas suhsequenth cured Iia dnision ol tlio ductus at tlic site of aneuiAsm One 
IlAcarold patient AAas lound to liaAC an .inenrAsm of tlie pulmonaiA aiten 
opposite the entiame ot the ductus Bactenal cncloeniditis dcAclojicd and aa.is 
contiolled In ligation ol the dnetns, Aciappingof tin aneuiAsin aaiIIi ('ciloiihanc 
ind laige closes ot ])cnuillin 

Stal'd' lepoited fittA one c.isis ol pilcnt ductus iilenosiis ill of aaIikIi 
AAcie ligated AVith heaAA silk AAitlioiit leeiiiienee 

I^ossidc I srs of ('cUophanc w Polifihrnc ui Liqatwn —In siiiiiilc in aiIio 
cNpcnmonts, use A\as made of oidiiiaiA tliin iionie.n tn c oi noun mating 
sliects ot Ccllopii me such as is lound is i aai ipjici foi pacKiges of cigiicltes 
and otlicr common aitides Lsiieiinients aacic ilso niadi aaiIIi f/iin sheets of 

F roDi th» \ ♦ t* rin« Vdinlnl'-lr itlon onir» PortliirHl On Tlio nn 1 

rt>nrIu«;Jon«j 1 >n t)j author nr th« r» vuK nf hK oun an] Ho nt>t nm 

ri.nK’t till opinion or poIk> of tin \ \<Iiiilni'-tn<t{on 

Vliotofrrnp}}\ )>' P/ir\}n "M J nton 

for public itlon ^ 

•Chi* f *^urfrlc tl 
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iioini 1 il.it inj: imh ollu loiu' (Pohllu'iu') sutli .is is ouliiiiiiil\ used tocoiitiiin .mul 
]no1i'('t ]imiUn .iiul M'jiPtablcs m the household ndiuiei itoi The pioteetue 
\ due ol ('elloidiuiie is ilhislialed in Tifrs 1 to .1 

Wi iliiun>r 111 .iiten sueh .is tlie diutus aileiiosus mth Celloiihauo oi 
rol\tlieiio and Ueeiuii'r llie iiiitonal eloseh ipplied to the \cssel duiing its 
lifTitioii mu he a somewlnt ditlKuIt luiueduio when woiKiiifj witlnn a ntliei 
small aii.itomie spue Ihjr 4 slums a Oolloiiliano ship pic[)aicd and iead\ to 
he m.in.ifred is deseiihed in the lefiend 1 he width ot the Cellophane stii]) 
would deiiend on the indnulnd ease Cue should he used to a%oid luinrinp the 
leeniient liiMiueil nei\o with the wiaiipui<r iiniteiial oi litralnies 



Hu \ (.■'illopltutn 8trlp wltli a lonu pliHt of vottoa thn lu! IU«1 at t nch tnil Oni 

thn u1 wUh atta^lxsl ttlloplunu ^.uu lu urixintl >\Uh a !\iu liunio^tnt and pulUd 

malt r tht dta lux K nou h< M taut nith one hand ulifit Oiu other threneJ ailh 

atttilad Cillopliain U pulhd uiaK r oxer and unnind llu two or more tlnute ax 

dt'sirtd. I uh linn with tin alvl of a in mo'etat TIu n lluhl tnu lion on both throidB ket P** 
tin tellopliaiu Hiiuulx applied to tin artirx "O that onx or inori 0 silk lipaturce ran in 
applied to the telltipbane e ox ere el arlMx line te^ntral suletn Ilpilure. tan also hi u<Lel if 
elienuel ndx l< \hle aiiel If lOialitloil'e are •«nitah!e 


It IS seen (1 ii:s 1 to C that Celloph me is ru}:i:edh icsistint to liglitlipa- 
tuie \et IS Jill ihle eiioimh to lonloim to ind mold itselt down to the ohieet 
It iswiipped iiound Mthonph hadh wiinKled it shows no pioss disini'tioii 
of eontimutx ilonp tin line ot the om m Imp lip Uni e 

I’ohthene film is similii to Cellojih me m Us ]notuti\c nition Imt to a 
k'ssei dopiTe It IS sottoi and moie jiliahlo than lellojilnne and ma\ thei'cfoie 
hue Us luld ot iisetulnoss Rut when wiipjied nonnd an objed U tends to 
sprmp out’ md nmoll It is levs tenumus ind ]noteetue Ihm Cellophane 
md liuUmes tend to thm it out md uU thionph It would also .ippeii to ofiei 
It ss assiii itu e thm tloes ('’ellojih me of pie\ eiit mp jiossihle jioslojiei nti\ e nnen 
I \ Sind loimuion lus mse of Us moio Meldmp iiitnie hut mn\ be less meehnni 
t ilh iiiitatiim to siinoumhnu: stun tines bet mse ot Us softer tc\tnre 

nisc 1 ssION 

Tin pnipose ot nonirrUiUnii; (nomioUut) Celloidnno or I’ohthene film 
protedion distiihed imnunisl\ is difleient tiom that tlesinlied m proMoiis 



ISIIINBM M 


n(,\Tio\ 01^ tFLUnniwt-i ^oTEtT^J) \bteries 


G51 


reports Bhcrc for cNomple Cellophane (cellulose Incliatc or acetate) or polv- 
etlnlciie plastic film nas used to wrap arovnut arterial ancnnsnis, as desenbod b\ 
I’oppc ‘ It appears that carK samples of poUctlnlonc contained an nntating 
(ontammant dicelsl phosphate which stiniiilatcd coiiiiectisc tissue lorniation, 
it was not llu Pohthcnc per se which was losponsible foi reinforcing the 
imiirism Sinrc I'lt') ?oh thenc has been supplied free fiom this contaminant 
ttiidi these faits hccame rccogntred the irritatin" properties wcic dchborateh 
unbred for (onncctnc tissue stimulation and iciiiforccment of aneuiwsnis a 
ihiu Incr of duetil phosphate powder was melted and allowed to eoat o\ei 
the I’oU thenc the latter actinp as a nicdinni to hold the chemical 

It IS interesting to note that Donald and KirKlin" in espeiimcntal produc¬ 
tion of pulmonic stenosis used one oi two laminated Cellophane hands 6 a ram 
in width whnh were placed around the mam pnlmonaii nilcrs of dogs In 
S(inn nistamcs this produced tears in the pnimonuiw alters If inoic tlian one 
or two bands were used lhc\ combined to foim a hard iinMcldiiig ring that 
ultim Itch croilcd througli the wall of the piibnonnis artcri Again it is pointed 
out that the purpose and method of use of PoK thenc or Cellophane, as described 
111 tin pieseut article are cntirch dificrent from th.it of Poppe'' or Donald and 
Kirhbn M\ suggestion is that thin films of nonniitating (nonrcactuc) 
< (ll(»l)liaiie or Poh-thenc wrijipoel twice or thico times aioiind .in artcn, protects 
It ((iiisidtrilih against tlic truim.i of lignluie or clamping Ineidentalh these 
siihsl linos mil ad moeli.inicalli to discourago posioperatnc aneurism form.i 
tmu 

SI MAI \ni 

\oinrntntmg (nnnrcactnc) Cellophane oi PoKiheno film is sngg&stod as 
an arte ml wrapping before Iigatnte to pioient Iranm.a niptnu oi postopcin 
111. aiunrism Its piis.M()lp „s( fulness foi m migcnn iil of iiatciit ductus irtciio 
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COMPLETE TEA^SPOSITION OP THE AOKTA AND 
THE PULMONARY ARTERY 

An Experiment\l Stud\ oi the Surgic\l Possibiutie^ for Its Treatmi-ni 

Yiking OLO^ B loRK, M D , \ND Leon Bouckaert, D 
Stockholm, Sweden 

C OJIPLETE tiaiibiiobitioii of the aoita and tlie pnlmonan aitci\ is a coni 
paiatneh cominon fouii oi congenital cjauotic hoait disease Abbot 
found Hi an autopsi senes of 1 000 eases of congenital heait disease 5 pel cent 
of complete tianspositiou as eoiupaied to 8 pei cent of cases with tetialog\ of 
Fallot These childien aie neaih alwais bom in a good condition but have 
a 1 en shoi t sui i n al time Aftei one month one-foiii tli of the infants had died 
and aftei one Acai moio than thiee loin tbs weie dead The siiigical tieatment 
must theietoie be instituted duiiiig the fiist months of life 

In cases with tiaiisposition of the gieat icssels the left leiitiieulai output 
thiough the pulmoiiaM aiten letuins to the left atmim and the blood leamng 
the light lentiicle tluoiigh the aoita ictuins to the light auiicle Sunnal 
of these patients dejicnds on some tipe of communication between the two 
ciieulations It has been found in eases of complete ti ansposition that an 
nitonentiiculai septal detect is associated with the longest life e\peclanci 
An interatiial septal defect is the next most fnioiable isolated defect, and a 
combination of these two gn es the best piognosis of all 

Blalock and Hanlon in 1948 decised an ingenious method foi the pioduc 
turn ot an inteiatnal septal detect undei dncct Msmn without intenujition of 
the cndilation Thc> tned diffcicnt shunt oiieiations on patients with com 
plctc tianspositiou of the aoita and the pulmonan uten The best icsults 
weic obtained among the iiaticnts in whom an inlciauiuulai defect was 
cicated togetlui with an anastomosis between tin subdaiian and pulmonan 
iiteiics The patients weie howeaei, onh modiiateh impioied and the 
aiteiial on\ gen satination geiuialh lemained below Tl jiei eent 

In Plat Lillehci and Yaito lepoited ten cases o) lenous tiansjilantation in 
patients with complete tiaiisjiosition Two patunts sunned the anastomosis 
of the light pulmonan \eins to the tight atiium ,ind weie impioitd In foui 
patients the infeiioi \en,i e,i\a was shiftid to llu hit atiiuin at the site of the 
i iidiac end of tlu tianscitcd light juilmoiian inns the lung ends of which 
weie anastomosed to the light atiiinn Norn ot ihrsi patients sunned a fait 
which was asciibcd to an unlnianting ot the (inulation tlniinir the few inin 
utes tiansjnimg between the two an istomoses 

A diieet switeh oi ei an istoniosis of the jmlmon in aiten ind aorta with 
the aid of i lu iit-lun" ippn >tns his him tind be Miistiid without sm 
e e ss 

b roni \ r<H m h In«tltut Tli t uruJinr Hospital il Nanna *-«varl? 

M I> I rof* nml it«-N rp- Ilo'pltat ‘^utpron In ( hlr-f C ( raftwir.! MD I rt»r< 

for piiMlrutlt n NttII 1*1 
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In l>olo\ uoiki 1-^1 nod tlu>N\\U»h o\ei iii wtoiuoMs ol aort \ uul 

till ]iulinii!ni\ ni(i\ inuli i luiiciilmiini willn'ot suiM\il Tlu' loiisnltrtil 
ihiv viii_ii il ip])!!! n Ii Iii-'U ill\ unbound >«iiu i llu (oiuiiin nitcne'; ncnrh 
in^c from Till rmlit \(iitin\ilit mnmI 

\\ orkiii" ^\l1h Ili( nid of ui <\1i noipnri d (luiilitioii Gibbon In'? nuet- 
L<'-t(d11mt Ibc (oimurA irtoinsin\« to bt iin'^tomo'scd isMoll 

\MM\L r_\I IJtIMI NTS 

As \\( li no not b id tin oi)])ortunit\ to opci ite on patients ^\lth complete 
trinspositioii oi tiu LH it mssoK i s(rus oi iniin il iNpenments has been ])er- 
lorimd V norm il do<j k k^s likel\ to toim itc iin kind ot cioss transjdant i- 
iion til in 1 p itn lit v ith (omj'kte 1i iiisposition 

Tiu^t (\]nrniunts ^\l.lc nndtrliken in ordti to woik out a teclinnine of 
su itr h o\ 1 r an istnmosis w itlnnit interi niition of the ( ir( nlation 
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THF JOliRN \L OF THOR VCIC SURGER\ 


G3+ 

the oiifiii ot the coi 011.113 lessels Then the clamp designed hi Beck iias 
applied o\ei the aiiteiioi pai( ot the aoita as close to the coionaij aiteiies 
as possible A longitudinal side opening was made in the aoita Then an 
aoitic giaft kejit in Tnode’s solnlioii at -4° foi a nia\ininm of two weeks was 
sntnied into the side opening The posteiioi low of the aiiastoinosis was per- 
foimed with a eontinnons o\ei-aiid-o\ei fi\e-0 silk on an Atianmatic needle 


\ 



Fifr 2 —Pliotopraph of n specimen from a dofr \\lth cross-transplantcfl prnfts between the 

aorta and the pulmonary arter> 

as 1 ccoiiimended hi Potts The anteiioi low was best jieifoinicd bj’’isolated 
e\ Cl ting sntnies A eontinnons aiiteiioi sntuie on the lei^ shoit pait of the 
aortic wall inside the clamp had a tendciici to cut thiongh the buttle aortic 
wall These holes weio difncult to icpaii The isolated eiciting sutnics, on 
the othei hand, can be used on a icii shoit hji of buttle and nnelastic aoitic 
wall on old dugs without cnlting thiongh 

2 A similai anastomosis was made between the othci end of the giaft and 
the left pulmonaiv niten 

3 Aiiothei giaft w.as then sutured to the mam jnilmonar\ arten as close 
to the right s ciiti icle as possible 

4 The othei end of the second gi ift was then sutniod into the aoita distal 
to the left snhclaMan arteic 

5 "When both gi ifts wcit siitiiied m place it was possible to place two 
Potts’ ductus clamps foi dnision on the aoita and the pulnionnrc nrten ho 
tween the anastomoses to com])Utc the switch i>\cr anastomoses The clamps 
were oiilr applied for a short time to proce the possihilitc of dnision and 
suture of the two ends The chimps had to he aiijilicd oblicjiiclj to obtain 



Ul.itK \\nnOHK\FIT TK\N=rfHITION- OF \ORT\ \VT> FI LMOV \K\ VRTFK\ 

lon'.tr CIK^ lor sutuniis: Thc^c tl.imp'- \\oro iimucdiitoh rcnio\cfl and the 
wound sutured The doirs snir\nod with both prafts ojien foi one to fi^e hour: 
fiTd\ when till \ died with pulInomr^ tdeiin 

ni-ci vsioN 

These e\penuuuts ha\e denioiistr ited the feasilnlit\ of peiformiiip a 
svitch o\(r 111 istoinosis with pratts wnthoiit iiiteriuption of the ciicuhtion in 
(T-C.S ol coinjilctc tnnsposition All dop'^ died ns was expected with pul- 
inonnr\ edema 

These fiiidiims will make the lollowunp conchLsions oh\ious 

\Muii lasis with eoiiiplctc transposition ot the preat aessels are eon- 
sidired for surpen thei nutst be <li\nled in the lollowiiip proups 

I Tficf^ 11]//, Iliqh Prc'.’^urc in the Fulmnnani .4r/fn/—Approxiniateh 
hall oi the < ises m coiii]ilotc trinsposition arc toiiibined with an intenen- 
trniilir septal detect Id eases of 1J> cedlecltd b\ H inloii aiiel Dlalock 14 
eases ot eolleeled b\ Lillehei ind Varco had an iiitenentricular sejital 
'lefeet IS well These eases with an mienentiKill ir sejital defect anel ip- 
proMiii ite h tin sinic jircssure in the jiuliiioii in irten iiid the aorta niai be 
trenteil with a sv itch oiei inastomosis with praits obt lined from babies who 
died It birth The eoronan \essels will still arise iroiii the iipht \entrieular 
\essel but nftei a suceessiul e ross an istoinosis the owpcii tension of the 
It nous lilemil would inert ise e onsnlerabh 

II f’eitrs 11 i(/i II \onnnl Prf^wirr in thr ruiinnniint Artcri /—In eases wath 
a normal jiressure in the pulmoinn irltrc a swittho\er anastomosis cannot 
be used ''Ueh an anastomosis weiuld enih result in iirtiilitor\ arrest due to 
the low itressure m the left atntriele takiiip oatr tin ststemic circulation or 
a piilmonarc edemi iftei i few hours elm to the hiph pressure in the ripht 
\eiitrnle t ikinp o\er the pnlmonire eireiilition is in the dop cxjieniiients 

In ( ises with i normal jirevsuie in the pnlnion iri irten the' oiih treat¬ 
ment jn ssible Is then \(nous an istomos]s 


St, MM \n\ 

( is,s Mith oiiuplete tr insposition of the piiii \es.s,ls haeirip a hiph 
jt'issure in tin imlmon in art< n mac be eoiisi.bitd tor cross an istoinosis 

\ tnhnnim oi swmhoc.r an ist.niinsis with pt nts without mtcri iiption 
ot tl . . 1 , nl ition h IS b,. n u „rked out on .lops 

, * nil <ou;,hi. .r iispositn.n m.l i lov jo, un m tin i>ulmon irc 

aron e itniot h. . ons„h r. d lor e ross tr itispi int itioii \ , mms triiisplmta 
tl 111 is till 1 the onic tr<atin(nt 
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TLBEKCbLOLS 1NFECTI0^S COMPLICATING .SUBCOSTAL 
PLOMBAGE ^YITII LUCITE SPHEEES POE THE 
COLLAPSE THEEAPY OF PULMONAEY 
TUBEECULOSIS 

Ger\rd Desforges, M I) Glen Gibbons, il ])and John W Strifdfr,*® JI D 

Boston, jM\ss 

P LASTIC ball plombage thoiacoplastv intiocliiced se\eial 'seais ago br 
Lucas and Cleland,’ and Woods, Walkei, and Schmidt- has found ac 
cepfance among mam thoiacic suigeons foi undeistandable piactical and 
theoictical leasons It is an ojieiation uhich offcis iclatneh good selectne 
collapse usualh without multiple stages fieedom fiom postopeiatne paiado\- 
ical thoracic motion and little oi no intcifeience with efficient cough and the 
expectoiation of secictions Defoimiti is consideiabh lessened In addition, it 
has been showni by Watson and GaeiisleU that the total pulmonaii function 
sacrificed following this plombage pioceduie is less than aftei a standard 
thoiacoplastv of similai extent, and that the letuiii to the final postopeiatne 
functional lev el is moie pionijit ' 

The piesence of a foieign boch foi pi oti acted pc nods of time m the sub¬ 
costal space has caused us some eoncein icgaiding the possibilitv of tubeicu- 
lous infection fiom cxtiapieiual tubeiculous foci oi ftom the iiitiapleuial dis 
ease In wav of the hmphatics Because of this we weie led to the bacteii- 
ologic studv ot the fluid found in the suiicostal space at the time of the op 
eiation foi icmov il of the Lucitc spheies and the ill) lesections peifoimed to 
complete the second stage of this foim of thoiaeojilastv It is the icsults of 
these studies which loim tlie basis of this communication 

Duung the cightcen-month penod fiom Jnlv 1, 19')2, to Dec 31 JOiS 
thiitv tw 0 second stage plombage thoiacoplastv inoceduies oi “conveisions,” 
weie caiiicd out The opeiations weie all peifoimed at appioximatelv foui 
months foliownng the iiincement of the Lucite spheies In oui hands this intei- 
val, following the oiigiiial opeiation is ojitimal bcfoic the peifoimance of the 
second stage Tlie fiee fluid in the siiheostal space of each of these patients 
was examined Incteilologieallv bv both immediate snuai and cnltuie foi 
tubeicle builii Of the >2 eases comeilcd 12 wen Jound to have positive 
cultuies foi tulic 1 culosis fiom the fluid ind o| these, 9 had acid-fast bacil 
demoiistnble bv siiieai at the time of ojiei itioii One ol tins gioiip of patients 
who had a positive smeai ind (ultuie letiiined eight months aftei eonvcision 
with a siiliscapiilai ibsccss and ostconneiitis of ihe eighth iib Examiiiatinii 
of the al)se ess matei ml i c v e ile d tlie pi eseiice of tiibci cIc bacilli 

Lucas incl ( leland' ic pen led one tubeiculous space infection in ]2'5 eases 
SIX montlis iftei ])1 le c me nt of the sjiheies Me v e i, De Eougeniont and LabcuG 

Kt-*ccK« I for publicntlon Juno 7 
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idund one late tuI)erculous infettiou m 20 patients at the end of foui months 
AVida’ states that ap])io\nnnteh GO pei cent of snhcostal spnees in A\hich the 
Incite spheus neic plaecd became intccted with tnbeicnlosis in Japan The 
use of biKitc spheies in the extiaplenial space was eomplicated In tuberenloiis 
mfeetion m 21 5 pci cent ot the eases lepoiteel be Tieiit ^loodi anel Iliatt 
In none ot the .iboie eases was theie pieopeiatne antibiotic piepaiation anel 
ue lomede tint this was in all likehhooel an imiioitant taetoi All ot oni 
eases howeiei had long peiiods of stieptoiiiccin ticatment piioi to snrgcrc 
The postoiieiatne aecunuilation of seiosangiiineoiis fluid in the subcostal 
spiei dining the fiisit two weeks iollowing the placement of this plonib sug¬ 
gested to us that .ilthoiigh the Lncitc spheies weie theoieticnlh not leactiic 
this w is not iieccbsaiih comiileteh tine 

Tins fluid acciiiinilation was quite callable in amount and in some 
pitients diih tapping was lequiied foi as long ns ten dnes aftci opeiation 
oods ,nid associates' also lecognized this pioblcm and evamined all the 
isjurated fluids fiom then fii-st 4") e ises finding tubercle b leilli on onh one 
oicasion These cnih postopciatne studies on the inieetion late in the snb- 
• osfal s]i.u(s (ontinimg the Ijiieitc spheies linee luidiibh led to a false sense 
ofsoimitc In 0111 last ten jiatients stiidc of this fluid iec caled positic e smears 
III one iiisf mee and posifue cultuic in two othei cases 

'^mce tin iiiesoiue of the subcostal Lucite s]iheic ])lomb led to a tiibeieii 
lous mfeetion late m nioie fban one thud of oui jiatients this pi ocednie should 
iiof he recommended without loseication We aie cogni/ant of the increasing 
praitue on fin v,oine elimes of leacing the Lucite spheies in the sub 

<osfal sjiare peiiiinneiith The adcisabilitc of doing this if if can be acoided 
riMUins re e\niiiinatmn 

In MOW of these finelings we feel unwilling to iieimif Lneife spheies to 
r'lMim 111 a loim )iorioel of time until accumulated e\]Kiienee shoces this to be 
' "'le ee.urse t.i follow 


e ocicii \T 

••ricinnlh it was tlioutrht that the Liieite sjiheies weuild be less Iikelc to 
■''■''oe 1 ited with late tiibeieuloiis infeetioii ot the cedi ijise sp lee th in plomb 
•'liltgnu/e use el ])i ec loiislc t)ii the basis of i e 
■' "I niir hieteilologie studies \\p aic uncMlling to be moie thin giiiieleil 
n I ''tiinatniL the long te i ni outlook foi the se ]i itients 


I I 

- '' ! 
' Wr 

' !rc , 

h. 


lu 11 M Ne i.s 

I irKS» 1 Ml laiiil ^\ l» Tlioru M|»I i>.t\ Witli 

II mill S( loiiiile I F xl’'ul>i rio'ti til 1 1 iii| oriire I’lntiili 


C Ki' II « Ilf 


j.|'' "nlK.r I 

T ^ I’olomimrs In port I'l^ t hist 18 -401 |]J piCO 

' oil II h r F \ Iiiiiiioiliiiti Tint I iti Iiispinilors Iiiiiinriiirnt I'm 
ts 1 xtrtipi riovti it Pliiiiil>i(,i mill 1 strniili iiriil 
Nut lull. r. \ -18 1 IT I'l'iJ 

\ 1 III 


ti, s , 

‘ Iiti, "'Oriii-nplnst 

I " ‘Tl.ii.iiiiiiWsts ar N„, 

* * tin TiHirit t _ It • 


''‘'‘"“"It I niiit Inluiir C I n< titiiu 
' ' Ml ,c13 SJ-, sat loi'i 
tout Hiuit I s ir 


ill ]ir 111 pii ill ] tniiili 


t I \ I w ..1 I """ "imi I s ir 

' III , ',1 'S' I Tn<i| ce le 

‘1 11 iiiiinirntuiii 


\i> 1 vnluatKu of 1 vfrrt]! tir il JNh 
^lir 18 17'’ I'M** 



THE A 5 EERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting: 

The Thirtj fifth Annual Moetjng of the Amencan Association for Thoracic Surgon 
Hill be held \pril do, and d6, 1955, in Atlantic Cit%, Xcw Torsoi Ilendquarters Hill 
be nt the Chnlfontc Hnddon Hall 

Bequests for Hotel Reservations 

These should be mailed directh to Miss Dons Scars, Contention Manager, Chnlfonte 
Haddon Hall, Atlantic Citv, Heiv Jerset Please mention this Association, the tjpe of 
nccommodation desired, date and approximate hour of arm al If accommodations arc 
desired olseivhere in Atlantic Citi, please comniunicato directh Hith the hotel of tour 
choice 

Thoracic Surgical Forum 

Bt t oto of the membership, the Forum is to be continued for the presentation of 
short papers on current thoracic research, experimental problems, anatomical studies and 
modified or ucir surgical techniques The inclusion of any considerable amount of clinical 
material in these reports makes the choice more difiicult and the Program Committee ro 
senes the right to reject such papers or to suggest Ihcir trnnsferrnl to the regular program 
Papers nt this session mil be limited sharplj to ten minutes, including the shomng of 
lantern slides or other illuslratno mntennl At the discretion of tho President, three 
minutes mni be nllowcd as the maiimum discussion for each paper 

These papers will bo published together m one issue in the JomtSAL of Thokacic 
SuroERV kfaximum length 3,000 words without illustrations If illustrated, an appro 
pnnto number of words must bo subtracted for each cut used 

Abstracts for Papers 

Abstracts for (ho presentation of papers at the 1955 meeting, including papers before 
tho Forum, mu^t be rccened on or before Dec 35, 1951, olherniso they will not bo con 
sidcrcd bi tho Program Committee 

Abstracts should bo labeled “For Thoracic Surgical Forum,” or “For Regular Pro 
gram ” 

FiU, icpcnt, file copies of each abstract must be scut to the Secrctan of tho Associn 
tion, Dr Paul C Samson, 3950 Happy \ nlloi Rond, I nfaiottc, California Thoj should not 
be sent to the Editor 

The abstracts should coiitniu from 300 to HO nords and nccurnteij reflect the con 
tents of the completed paper 

Applicatioos for Membership 

Applications for Associate 5fembcrship in the Association must be recciicd b\ the 
Membership Committee not later than Dec 35, I'’5I, otliemioe, the applications mil lie 
deferred for consideration until 1950 

Appheonts must be sponsored b\ three Actiec or Senior members of the Associulion 
In addition to the signatures on the application form, the sponsors must forward a sep 
aroie letter concerning the applicant direetli to Dr L\-mnn \ Brewer, III, Chairman of the 
^fcmbc^shlp Committee 2010 Wilslurc BUd, Los A.ngelcs 5, Calif 

Completed application fonns and the sponsoring letters independently sent bj the three 
sponsors must be roeoiied b\ Dr Brciier not later than Dee 35, 3953, to he considered for 
Ktion in Atlantic City 

Sponsors arc reminded that tiete letters of rceommenclatioa must be fomarded to the 
Membership Committee should their applicants be held on r for reconsideration a second year 

<>as 
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II\ {icrLapuia to vtntriculur fibrillation, re 
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Harn*;) 447 

H\ poplasia of plllnlonar^ arteri. with 
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bins, ali^encc of (Maicr), 145 
Hx'pothernna some plnsioloRic concepts of 
and their applications to cardiac 
surpcm (Bigeloii, Mustard, and 
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Iiitiiiidibulnr pulmonic stenosis with intact 
icntnciilar septum (t\pc of 
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Ren of (Glo\cr, O’Xcill, Qoutigo, 
McAiihlTe and "Uells), 4S1 
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operitnc tunnels (Swann, Brad 
slier, and Rodriguez irroro), 260 
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phi siologio studies and results 
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Tohiistnij Ki nm ill C (Wilh Ilolingir, Paul 
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Kattus, Albert A, Jr (with Muller, Bilbnni 
H , Tr , Dammnnn, J Francis, Tr 
I and Smith, Rodnc\ T ) E\peri 

I ctices m surgical treatment of 
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1 Kas, Earle B Diseussioa of reionstruction 
I of superior \cnn caia, 171 

Discussion of sianposium on mitral insuf 
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Howard B, Tr, and Trump, John 
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' 403 cases, 392 
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Martiniau, Axes, and Leckcx, R 
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I pcdick graft, 320 
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I Kipj), Harold A Discussion of chronic inter 
I stitial pneumonitis, 143 
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Gurnci E, tint} Trump, Tohn G ) 

( arcinoiim of lung, report of 403 
I nsi s ;92 
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7ich K aiul Ilnrkins, 

Henr\ IC ) DifTortiitia! Iialiatior 
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in t)ionn,ic itnd ilxlonnnn] norfii, 
310 

Miiallir Ililinut (aitli SuTin, Henn, Cle\p 
lauii lU ur\ C, and Bfouiit, S 
Cl 1 Hart, Tr ) Pulmonic \alvular 
‘itono'^ii: riKulfc nntl ficliriiqut of 
open i"iliiiJopJnsfi, d04 

lliillnrd K s Congenita] traWicoc'Oplitigcnl 
fiituln nitliout atrisin of t«opli 
ngu?, 30 

Mulli r \\ illinni II, Tr (nitli Knttii*;, Allicrt 
C., Tr , Dammnnn, T Frnnci*', Tr , 
and Smith, Roduct T ) Expen 
einee m nurgnn] trentrnt iit of 
nortti steno><iH, 510 

TIti'-r ird M T (aith Rigdou, 11 G, and 
T\nn>-, T (i ) Sonic p!u«iolopi( 
loimpts of h\pot 111 mill and their 
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■till 

A’ 

N i< Icrio Emil V Pisi u5‘=ion of pn/imtioii of 
c«o|)lingcnl ob'-truction, 444 

'fi iiiir Pnu), Tr Pi'cu^sion of csopiiago 
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iiophagiti' following t «ophngo 
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(tilth Ilaatliorni, II II ) Plusnjlogic lia'i« 
for utilization of tsophagoiardio 
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'la. Mi 

Ni ptiim Wilford B loith nulot, Cliaric' 
P I ilitril conimix-iurotonit 

throngli right thorn ic approiiih 
15 

Niiiiiinn Harold \T (oitli Ellia, F Ilnin 
Tr 1 E\pi rimontnl I'-opirngo 

gnitriitomr oniluntion of 
< lati d g-ictm drninngi procedure^ 
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'S'cuni in, M M Dim n<=ioii of piilnioiiin 
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iiitmthomcii ^Gillart^in nnd 
IjiHiIki) 7S 

A'lchoD III nn T (aitli Baile% Chiirlis P, 
Tnnii'-on, Billnni L B ih'-t AImii 
T Bolton IIoiii k T , nnd 
Gi iin mlmrdt T\ 1 surgntd < or 
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U'c of [xrnardiiil grifts 551 

■Vrliir, Tlord M (with Kan ir Fdmund A 
Si iiiiiitz Trintt T Smtagi 
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OcIi‘-ncr, Alton Dn n‘-<'ioii of i ininonm of 
lung, 400 

(aith Acna', Pngi M , nnd DiCunp, Paul 
T ) Pnlinoniirt hhi-toiini oxk, 175 
O Xcill, T T Dim ii'-xion of miirtrin tioii 
of 'lupiruir turn t ii i, 171 

Di>;tu«ion of simpos/uni on mitral iii'-nf 
firiciicr (ii5 

(with Glotir, Kohert P Goutigo Hugo 
Ml AulitTc fhonia*- C, and WilN, 
C Iiohi rt F; .Surgnn of in 
fuiidihulnr piilmoiin xtenO'ii'i iiith 
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Papper, E M (with Fitzpatriik, Hugh 1 
Kmhl, Turn AI< Mliiti r, F 1 
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Ph\^iolog\ of jiovtHtinoln iliintioii It'- rila 
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(U tddill, SnifTin rad Wh't- 
h.iidl 154 

Ponarit ( M Opportniiitii ' for ri“inrih 
HI thorai II '■iirgi r\ with n ' "f 
tl -m 1 nlliin nn thod-, G t 


INT}E\ 


64T 


I’l- 1 T( 'in I- I)I‘< (i{ 1» nun '•trn luri-' 

Ilf i-'ripln.^' 

Pott' Willi T Di'ou"i(m of 'vniiioium on 
jiulnionii 't nri'i' 'll 1 
t'lUU UoUnu r P iu\ H ToUil-Ioh Ken 
noth ( „ nn'l I)i< miln firnimioi 
( on- rvitiM nnii <urj;ii il in imo> 
nx nt of It* nipi '•trn tun*' of 
{^ll '’I'i 

PrtM h\ \nUur (With It 

'iri'l H irjh r P n d K \ Mttliod of 
jKjan i^it 1'^ fol 

lou in^ » \ 

jH rjm nt i] iiid < linn nl "tu U '’♦>7 
Pro*'\m« upon tin cif'ul itiou in nnn during 
ijiitnl UMnmi‘«>urotnin\ nnl pul 
imm m v*iU'uloinni\ • lies l of 
intrijn nc irdnl niid intru irdiu 
ifilrpvirnl P i^ijh r Krilil M< 
Mil t» r iinl lluiiipl\r< ‘ dV» 

Pro hrtunl in (<ni*» ntr itinn on ^Mtunt** uitli 
tuln r» ‘‘luip of t fTt'^ t of 

p in nmino-'iln\li( uil on Idond 
< o i^ul unm \ 1 nun r i PM 
Pulnn n ir\ iTt< r^ mtli inomnlou- v\vt«mi 
irt< rn“^ to lun^ il mk « of Ii\{h> 
pi i-i I of 1 M n r > 14“ 

M»ni| I 11 trni jo^ition of mri i of 
i Pjt rl nid lltunl lort i u'\2. 

id i toTiniO i'* « \ ri*i 1) ( nmp in I 

O li'-in r 1 “1 

I i rri» (I « of < fi lotrn In-'il tul in i Id* 
nnd < anplN U \ 

I \ I'lon for tuln n ul(^*i ♦ Tih t of pn opi n 
ti\i -tT< j oniNi in ou uif'idinii of 
Inoii ^lopli unt fi'.tuli ift r l»or 
Ion I 1 


r \ n for IuIn h u1» i« \ nnd '■iinul 

tin iti-* 1 m 1 itnril i\ 

lyini /tfiitd nj inn nnd Wi-ntlnr 
1 11 

tul r nil ^ tnlur tilon infc^tinjjv % mi 
ill itn ^ 'uK I til pin 111 null 
I n u. sj li r - fir th <«II ii - 
M rip of . p --fur^,-* (wl 1 m 
i 1 •*' n ’ r I I *** 

'I I , MI. a t ,7 -,t 1 „„,i, 

'1 III lin^ I ' I It ji] f, r nr^ ri **■'’ 

I 'I I *1 1 Mr K a m.l 

'll 


' h il 


1 


■ ' ‘ " ti I n IT II a .11 1 

n U - I In ] .1, ii| „ . ,t „ 

1 iiii t II 1 ir iti rii ^ t ir*',l t .) 

I u I II \ i t I ill I I -ir. \ I 

' il I 'I 1 1 r, itn 1>,, 
KrM >' Ml, , i'i!„ 

I' r . .1 


IM 

I ' 1 fn ',1 ' 

; * 

I . ns 
\ >'11, 


1 >' X 



( > 
M 


. \ 
' M 


I ' 


I 


t 


Puinii o\>n n ityr i O’-ure of iiiti rx. nirii ul ir 
'ijitnl liefiiti in ilop- ilunnp opi n 
I inliotonn \Mtli ni iinti ii ini • of 
I inhon'inrnDr\ funi tion'- 1" 
ifriMiOii, Milltr l)olh.ll J-nfrill 
in'l \ pi"f 1, 

I’u{i{>< 1 I Dirin Di'i u- ion of i“ioi>ln':o 
< irihom-iotonn in mini inn aHi 
Pi-i U'-ioii of niithoil of iirii'iitini: iiiptie 
e'Ojiliapili' follow ini. i''Oplmgo 
)ri'-tro'tom% ■"'1 


r 

I-iMtili ^I■^rk M Di'i U"ion of l« nif,ii'•tri, 
tur," of e'oplnpii'- ICa 
I i-iil tlnrle* T I>i-iU"ion of ili-, in, of 
111 liojiln'i i of jiulinon irv irliiw 
lol 

III III Hnimmil C twitli \\ inliii, JIi rl>i rt f 
(. olii n Morin itnl 1 illi In i C 
\\ ill on) Controlliil i ro" , in u 

I ition for o]H II intm inii n <ur 

n ]>li\'ioln„ii 'tillin'' mil r. 
'lilt' of ir-iticni mil i lO'Un of 
i.ntrirulir ', jit il <li fi'. t' ‘I'll 
I e-inlon Miin i w itli 11 iron riiirli''! CImIo 
lliiir'i\ followiiu lilow to iiImIoiii n 

II 

1 1 'i>ori li 111 tliorm 11 'Ur„i r\ with ti'i of 
ti"ii I iiltun nil till) 1' ojiiiortuni 
tW" fcT vl’'""'fit) I''! 

It tri'lor nt oint a llmr-n oloiin i ruiiiiinii') 
"l-lo 

Ki, nliolT Willi im 1 Tr l)i'i ii"inn of 
i** nun 'trii tum of i''OnliiiLW' 

I Hi II 111 ( Inrli" 1! Ill' U"ion of 'vnijio 

'lum on mitr-il in'iitlii n n, v t>_4 
I oliliiii' ]_mri noi 1 (v\nh ''imtti r l_iiii ir 

mil ''nilT, n I omM ( ) ( Imi a 

'iirM \ of nil iiiiiii .' Ilf trull -1 

ml I r '1 Im in j, n ril Im ini'll 
■ 11 . 

I 111 ' ri 1111 I >1 ' l)i ii 'lull 1 f 1» vtri 

lllr of ■'n| 1, 1^11 "i . 

I 'Iri.u \rrii\o Tor. nith >-111111 W a 
li II 1 K II a Iln !'1i r Im uli T 
Ir ' Intru ir ii , 'Ur^ r\ iiili 
111 if nr til 111 tijv^ritii tiinr 1 


>• ill, I 

Mil 

r 

I I 


n 

n ■ 

‘1 

\ * 

- I -ml 

1 

1)1 1 


Ilf 

'iij 

ri 


I’l il 

W 

l>i 

f 

^ »u , 

, 1 ' 

1 ' 

I 

.. I 

\ : 



i> 

1 1 1 


I 

Ml 



1 


K 


\ 


l» r 




1 ' 


iir 1 III H __ i I ' IT 

1 ' f n n 11 
'll ,1 ITt’ 

1 I *■ I a,i I'l , <• 

• '-11 f 

’ K .1 1 1 ' 1 ' 1 

' M ^ ' ii till 

I! - I, i / 
'Hi. I! 
I'll 1 , r 



64S 


I\DE\ 


S(.aniiell, J Gordon (vath SIin«, hobort ) 
Surginl reconstruction of superior 
loim I n\n, 163, 174 

'scbniidt, Herbert Dis( ussion of ovpcnincntal 
esopUagogastrcctonu, 209 
Discussion of niitliod of proicnting peptic 
csojilngitis following esopliago 
gastrostonn 3S1 

''(liiuitz, Dierett T (witli Kanar, Edmund 

V, Xilius, Lloid M, Snuvngi, 
Listir H , Moore, Horace G, Tr, 
7ecli, Ralph K, and Harkins, 
Henri N ) Differential behavior 
of arterial lioinografts implanted 
in thoracic and abdoniiinl aorta, 
310 

Stall, ill C Discussion of pulmonan 

bl istoiiiicosis, 103 

(iiith Young, H Glenn, Tr, and Harris, 
Teronie b ) Studies on cardint 
arrest rdntionship of lii-per 
enpnia to lentnculnr fibrillation, 
447 

Soiler, Hail It I H SMithroiious i ombineil 
abdominal right thoracic approacli 
for t art iiioiiia of middle aiul 
uppi r tlioriK i( tsophngus, 305 

Silei, (labrnl P Disi ussioii of ndinomis 
of tnicliea ami broinlius, 420 

'Vptal ilcfeets in dogs during open enrdiot 
onii iiitli iiiaintt naiici of enrdio 
rispiratori functions bi a jiunip 
osigiimtor closure of intcncii 
tricular iCtibbon, ifilUr, Dol ell 
Engell, and Toigtl, 235 
pliisiologK studies and rc'sults of crea 
tiou and closure of veutricular, 
controlled cross circulation for 
open intraiardiac surgerv (Yar 
clc n (ohtii, Read, and Lillcheil, 
131 

Slum Robert s (mth “se mnell, T Gordon I 
"surgical reconstruction of superior 
ic an t am 103 

''huiniiai, 'Sorinaii > inith Iciiis, F Tohn 
7 iiiiniemiiinii Bernard and 
\\ c ithcrln It] D Stuart P ) 
staged and simultaneous bilateral 
imlmcmiri resection for tuberiu 
losis CIO 

sluintiug (cs Unique for surge ri of aortic and 
pulmonan i dies and proMiii d 
gre It I esse Is (Oo's, Kai, ninl 
foncs) d2n 

Siiicshil M igiuLs I (iiith Bold, Dniid P, 
Kirtland, Hoiiard B Tr, Kcllci, 
(iiirnc I T and Trump Tohn G 1 
( irc mom I of lung report of 40^ 
c ises. aoj 

Smilb Pbih[) 5\ nnlli \\ ibon rb!irb*s \\ 
tregg Hugh V, ami Klascii 
Karl P 1 ( arclioangio„raplii 271 


Smith, Rodnei T (iiitli trullLr M ilimm H, 
Tr, Knttu.s, \lbert A, Tr, ami 
Damm inn, T Francis, Tr ) lx 
perunces in surgical treatment of 
aortic stenosis^ 5tb 

•SnifTcn, Ronald C (nith Souttcr, Lamar, and 
Robbins, Ijinrciici I ) Clinic nl 
sunci of ndt nomas of tnichca 
and bronchus in general hospital 
412 

(iiith Waddell, William R, and White 
hencl, Lniirenco L ) Etiologi of 
chronic interstitial pmumoiiitis 
associated iiitli lipid deposition 
134 

Snider, Tohn M Dioeiission of pnllmtion of 
csojihngcal obstruction 444 

Soutter, Lnnmr (with SnifTcn Roimld C, nnd 
Robbins, Laurence ) Clinical 
sunei of ndcnonms of trichei 
nnd bronclius in gc nernl liospitnl, 
412, 430 

Stenosis, experiences in surgicnl frcnfineiit of 
nortie (Muller, Knttus, Dnmninnn 
ami Smith), 510 

Iiuliiinnii l•nl^ul^r, results ami tcs'liiiiqiies 
of open mliuloplasti, 504 
I Stephens, H Brodit Discussion of benign 

' strictures of esophagus, 303 

Dise u'sion of surgical trintment of aorta 
] sti iiosis, 533 

I Store I ClilTord > (iiith Mnrmngoni, Mlierl 
I G 1 Lobnr agenesis of lung 510 

j Sfreptoiiiic III, efTi'ct of prcopemtive, on inei 
clem c of bronchopleural fistula 
! after pulmonan excision for 

tiihc rc ulosis (Gordon), 1 

I striedcr, Tohn W (iiith Desforges, Gerard 
' and (iibbons, Glen) Tuberi idmis 

I infections eoniplicating siilx ostiil 

I plombago mill T^ueito spheres for 

j collapse theripi of pulmonan 

tuberculosis, 030 

'’urgical form 221 

s«nn, Henri, II Discussion of liipotlarima 
in cardiac surge ri, 47S 
Discussion of studies oil canil 1C arrest 401 
j (iiitli Cleielnnd Honn G, 3[uc lie r. He 1 
mut, line! Blount, b Gill" rt, Ir ) 

I Pulnioiiie iidviilar stino'is rc 

suits and tc'ihiiique of o|m ii ml 
mloplasti, 504, 514 

buaiiii William K (iwtli Bnidsher, Tin nb T 
Tr , nnd Itodrigufr Vrroio, Torge i 
Intmcarcline surgen mill aid of 
^ artificial operilm tunnel 2ti0 

I X 

I Tnber 1. F Discussion of c soph ig's crdio 
' miotomi in in Ii dasi 1 2 >0 

Tliorn < iitc'sis Using [diisnm rcillcsling inciiuni 
liottle simple method for doing 
(All" rl on, Je-iiitt nnd fr inibh i 
544 



ISDEX 


G49 


Tlion ic njijirmili for < an monn of iniddlt I 
:vn<! up]K’r tUoncio C'Ojiliat,U!=, j 
ntlironoU'' ooiiiluntMl alidoiiiinal j 
right (‘"Ciler), 'iOj 

niitnl < r)niini"-urotom\ through right 
thnrai 1 C apiiroui h (Vi[ituiii nni) 
Hull \ ), J j 

Thiiracoiil i'-t\ niu o-itooplnctii tc liniquo 
(I’j.irk) jo-t 

Thcirirototux ri tractor noomt il (_Cuinniiii'< i 
'ifh 

Tic- 111 mitiirc iiuthod' opportunitii ' for re j 
•ccurili in tliorneic eurgi-ri with 1 
ii'L of (Poniornt) T'"' 1 

Trarhcn niid hronchuv in ginernl liO'-pitnt i 
rliniciil •.nr^l^ of ndinoiim*' of ' 
(‘'outter ‘'iiifTtn nnd Uoldiiii-') | 

Trill he ot'Ophiigi nl li'-tidn without iitra'in of | 

1 oplm^ii' congLiiitiil (Mullftrd) i 

I" I 

Trump, Tolin 0 (witli I’oid It-iMcl 1’ ' 

Sun dnl Mncnuc- 1 Kirtlpnd 
Ilounrd It Ir iitid Kill*' Our , 
nil h ) Cnrc iiionin of lung rt 
t>ort of 40 '’ rii'-C'- ""'J 

Tnhi ]i dilution of < ophiigi d oh'truction 
dm to rnrriiioiim with jx rinnnenl 
intrnliiiiiinnl OIncI 1< r nnd 
\rti\orl 4 I 

Tulrc rciiln<-H iffiM of prio|Hritni vtnplo 
line in on incnh nec of tiroiuho 
pi nnl (i'lnh iiftir piilmon in <n 
1 1 ion for ((lordon I 1 ' 

'■ln,.c d nml '■imiilt iim-cui- lul iti rd piilnio 
iinr' n Ktion for (Shiiniwti' 
liiii /iiniiii rm inn ind \\< ilhi t 

hi-id I oo 

" 111 1\ of < fr 1 1 of piri iiniiio" dll\lii told 
on I h (mI I o i„nl it ion iml pro 
thronil in i on i ntrition on p itn nl~ 
with If inm r 1 lot 

Till" r nil 11 infc in ii" c' ii| li ilin^ "iili- o t d 
Jill ml ngc with ill II "I In r "• for 
colli] 1 ll I ijci of iiilinoiiir\ 
till-n iih"! Ill foig •" t del on 
ill I S(rn h r I i "i 

Tun I" in c-oji' ,v,u muuUu iw i- wt 
lie if "iiMi I nn 1 m di^n nl 
Inon I" 11 I ( nil onn ) 

. f Inn,. 1 1 tin 'ni n H n r, ,, rt of font 

c ■ 11 h 111 „ xir (J 1 , n id ro 

It 1 1 r ] '-1 n n c-l) t in n M I i 

' 1 n 1 I f I , 

1 Mil ittr-icnrli r ir.or\ , ,t] ,f 

11 d . I M n ", , I , , 1 

' I 'll 'll.,! \ I \ ... 


t 


t 


W II , 1 I, 
\ 

1 ' ' 


1 

' 1 r 

’ I 

I 


A 

\ugu 5 ticnc" l.d itoral intrathoratit nturo 
filiromtci of (Gillicrf"en and Lille 
hii) 7S 

\ ih-ulopHcstr ri "ults nml technique of ojnn 
pulmonic wnlwulnr "ttnixis (Sw-in 
non land Muelkr nnd Blount 1 
504 

\ 1 nil <n\"n "urgn. il re on"trui tion of "Ujiirior 
(Snnmll nnd '"inw ) IGT 

Aeiiofi"<iil nutogrift'i lomjioiite inition 
ind enijilor nil nt e\l'i riinent d 
"tiid' (Chun hornet nnd htlll 
JSl 

\ < nou" lollitiril Mniilition of Iiinp i x].. ri 
mint'll "tiidt of 11 hnnitioiml 
oliii mtion..: (llurwitr., Cnl dir.'"i 
Cooke nnd Lielmu l, g 4 l 

\.iitriciiHr filirdlntion relntion«lii]i of h\pir 
inpiiin to "tudio" on inrdne 
nrr.-t ('"calv, A ouiig 'indllirri") 
447 

". [ituiii "iirg. rt of infundiliiil ir inilinonn 
"ti no 1" with intact (ttpi of 
jnirt iiiilnionn "t. nn"|i:l ff.lot.r 
O Xi ill, (loiitigo Ml Viiliffi nnd 
Mill") 

A 111. I. rg Arthur l)i"i iL'"ion of . (Te t of 
I>rin 11111, on cirrnlition JIm 

A oigt (?. orge It (with t.ildion lohn II Ir 
AIilli r I’t rnnrd 1 ])ol« 11 \n 

tlioiit It, and h lie ell llntm s') 
( lo"iiri of inti rt 1 nl ricnlnr "Ljitiil 
.Ilf. cl" in dog" during ojn ii 
cnnliotonit with iiininl. imn.. of 
. nrdiori "iiirinort fiiintioti" lit a 
I'uiii]'iiw gMiiitor - 


\\ 

AAioMiII Williiiin (With S||,ft, „ Konid.l ( 
nnd Whti.h. nl I iw r. nc. T ] 
kliol"„t Ilf ilironi. lilt. r"t It lid 
]in. iiiniiniti" n lointi.I with Ii]iiil 
•h l>.i itnni 11 14 

Ward. II M. rl«rt J (with i oh. n \torli t 
I t n I I lit in.in 1 ( an,I ] |||, , 

< 1\ lit. n I ( iintri II 1 . ro cir 
.nlTlion fir oj n ml r ic ir.ii ,, 
' r„ rt ]ilit "inlo^ir "In 111 m, ] 
f. 1 It" of . r. .ti n nnd c], . ,r. ot 

t. etricid ir j (a] f,•’ j 

AAiit. r . 1 . Unt i 1 H 1>, n i „ ,f „], , ,, 

r h'l i[ I-i n f III I 1 I . n 1 r t 

lit rt I. . 

Uitl m Ji.ti 1 ir iniih I r. t. I t \r h , 

' ' l!ir] r I r. 1 1 , M, 1 i , , 
I'ct. Il _ ]., , . ,, (o_it, c , 

^'i"> -1 , , 



G50 


IM)tX 


ciitlitrlitnil, ]> ‘Stuart P 

Xonnan E Liwis, F Tohn, and 
Zimnu rmaiiu, Btrmrd) '^^tappd 
Hid ^imult uieous hilntenil jiuliiio 
imr\ ri''« tion for tubcriulO‘:i‘-, 90 
\\ clib ^^n^ts R (ivilli < nnijdiell Gm D ) 
I'^-c of eiidotraelioul tutio In i>ul 
niooan cdoiin, JJJ 

M ell' C Robert E (with Glo\er, Robert P 
O’Xcill Tliomn' T E Gontiso 
Hugo and Mc-VuhfTc Thonin' O ) 
''urgon of Kifiiiidibiilar pulmonic 
t-teno'i' iMtb intact \ontnculnr 
•'cptuni (t\pe of “pure pulmoiiu 
'tenosi'} -Ibl 

P In tebend Laurence I (luth nddell 
^^l)llnnl B and '^niffen Ronald 
C ) Etiolog\ of clironic inter 
'titial pneumomti' a'^ociated 
with bpid dopo'ition 114 
WiNoii, riinrlc' AA (iiitli ^mitli Plulip A\ 
Gregg Hugh A and Hia'icn 
Karl P ) (.nrdionngiogrnphi, 271 
W iii'Itip, Theodore (mtli Daei' Edgar AA 
Hampton, Aubroi 0 and Rich 
ham Charlo' F ) Lipoid pneu 
juonia 'imuloting tumor, 212 


y 

\oiing, A\ Glenn, fr (mtli '^enh, AAill t 
and Harn« Teronic “4 ) ‘'tudie' 
on cardiac nrrc'f relatiouslup of 
hipercapnia to iciitnculnr fibril 
lation 447, 4b2 

/ 

7tch, Ralph K (with Kanar hdiiiuiid A 
>.ihii', Llotd A[ , SdimitJ', 1 icr 
ett f Sam ago, Letter R , Moore, 
Horace G and Hurhiii-, Ihnn 
K) DilTircntnl beltaMor of 
arterial homografts iiiiplniitcd in 
thorntic and nbdomiiial aorta, AlO 

Ziiniiieriimuii, Bernard (with fslmiiiwat, Kor 
man E, Louis, p' Tolm and 
AA enthorhead, 3) Stuart P) 
Staged and 'iinultnneou' bilnti rd 
pulmouan rc'is-tioa for lubiriii 
losis, 00 

Zinbi rg, Samuel (with Ti iisen, K K ) 
Method for niin'iiring tidal and 
minute 10101111 ' in patn tils, unih r 
regional and goneni nne'thi'n, 
85 




